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OUDLEY KNOX UBRARY 
NAVAL POSTGRADUATE SCHOOL 

MONTEREY, CAUFORNIA 93943 ABSTRACT 

The objective of this study was t~ determine if contract 

incentives were apprcpriate for use in Department of Defense 

contracts for the purpqse of mctivating defense contractors 

to improve the maintainability of weapon systems under 

design. To accomplish the objective it was necessary to 

review the components of maintainability to determine appro­

priate targets for the incentives and to study the concepts 

and issues involved in the use of incentives to motivate 

contractor performance. The conclusions were based in part 

on the responses obtained during interviews conducted with 

Government representatives and engineering, contracting, and 

corporate and program management personnel from the defense 

industry. In addition, the incEntive program in the case o£ 

the F/A-18 aircraft was reviewed and analyzed to det€rmine 

the reason for its success. ThE study concluded that incen­

tives were appropriate for use in main~ainability improve­

ment and that in structuring the incentive program the award 

fee method of contracting was the most sui table. 
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A. GENERAL 

Integrated Logistics Support (ILS) is a concept intra-

duced over two decades ago. In June 1964 the Department o£ 

Defense issued its directive which defined ILS as 11 a 

composite of the elements neces~ary to assure the effective 

and economical support 

levels of maintena nee 

of a system or equipment at all 

for it's programmed life cycle." 

[Ref. 1: p. 2] The general policies o£ that directive 

succinctly stated the importance of ILS in the following: 

Develofment of ILS for a new system shall be initiated 
concurrently with the performance reguirements or dt the 
earliest possible time in the conceptual ph~se and at 
the procurement planning phase for commercially avail­
able items. The evolution of logistic support, that is, 
the integration of _its elements shall be the result of 
progresslve system analyses of the plan for use and tile 
plan for support and indicated trade-offs between these 
plans through all phases of the project. (Ref. 2: p. 2] 

Integrated Logistics Support is composed of eleven 

elements: maintainability, reliability, maintenanc~ plan­

ning, supply support, support and test equipment, transpor ­

tation and handling, technical data, personnel and training, 

and interim support [Bef. 3: p. 10]. It differs from nor~al 

logistics concepts in that it involves several different 

disciplines and that it involves the interaction of all the 

elements throughout the entire frogrammed life cycle of the 

system. The logistics costs cf a weapou system comprise 

about eighty percent of its life cycle cost. However, in 

the past ILS did not receive the same consideration early in 

the acquisition process as did the hardware to be used in 

the system. The imfortance of ILS cannot be overemphasized 
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in the wake of increasingly coaplex weapon systems and the 

staggering expenditures of tax dollars required to purchase 

and support them. Fermer Secretary of Defense Harold Brown 

emphasized that point in £Qgso1id~1~£ ~~ig~~~§ when he said 

of our tactical air forces: 

The costs of buying and operating tactical air forces 
are taking an increasing snare of the de=ense budget. 
rheir increasing ccmplex.1.ty i~ a significdnt factor not 
only in this growth, but also in an increasing diffi­
culty in maintaining the conbat readiness of our air 
crews and their equipment. These trends if continued, 
could jeopardize our ability to maintain a force that is 
large enough, that is modern enough, and that is r9ady 
enough to carry out our plans. [ Ref. 4: p. 29] 

To further emphasize the need for more ILS considera­

tions in weapon system acquisition and to outlin~ a program 

for improving the acquisition process Mr. Frank C. Carlucci, 

the Deputy Secretary of Defense, issued a memorandu~ in 

April 1981 that contained thirty-two initiatives designed to 

accomplish ne~essary improvements [Ref. 5]. ~r. Carlucci 

felt that if these tasks were successfully accomplished, 

system acquisition would be streamlined and ~ost savings 

would result. One of the initiatives specifically required 

that readiness objectives be established for each weapon's 

development program and then required that reliability and 

maintainability be designed into the system. This initia­

tive has been restructured to include key aspects of other 

of the initiatives, one of which is the use of incentives to 

motivate the contractor to improve the readiness and support 

of newly acquired systems (Ref. 6: p. 15]. 

Incentives are not new to defense contractors but to 

date have focused pri~arily on motivatin g performance, 

schedule, and cost objectives of the contra~ting parties 

[Ref. 7: p. 30 ]. However, various forms of incentives have 

recently been used in the area of logistics in an effort to 

improve the availability of today's systems. ro date these 
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incentives have largely been in the form o£ warranties and 

have focused on the negative motivational aspects of an 

incentive [Ref. 7: p. 31]. 'Ihey have been structured to 

become effective after the e~uirment has been fielded rather 

than in the design phases of the acquisition. A more effec­

tive incentive might be to motivate the contcactor during 

the design of the equipment so that improved availability is 

designed into the system £rem the start rather than 

attempting to remedy it after the system is developej. This 

thesis explores the use of incentives toward that end. 

B. OBJECTIVES OF THE RESEARCH 

The objectives of the research were: {1) to investi9ate 

the concepts, characteristics, and issues involved in the 

topical areas of incentives and maintainability, (2) to 

determine if defense contractors could be motivated to 

improve the maintainability of a system duriny design, and 

{3) how that motivaticn might be accomplished. 

C. RESEARCH QUESTIONS 

The primary research questicn was: Can Can incentives 

be used in Government contracts to improve the maintain­

ability of equipment acquired in the future? 

The subsidiary research questions were: 

1. What is maintainability? 

2. How does maintainability relate to the acquisition of 

equipment today? 

3. What motivates a contractor to do business with the 

Government today? 

4. What ace the significant characteristics of contract 

incentives? 

5. What would the objectives of incentives for maintain­

atility be in Department of Defense contracts? 
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6. What are the current methods used to promote ~ain­

tainability in Government contracts? 

7. How can incentives be used to motivate the contractor 

to improve maintainability? 

D. SCOPE 

The main thrust of the study focuses on the element of 

Integrated Logistics Support known as maintainability an1 

the appropriateness of using incentives with the contractor 

designing the system in an attempt to improve it. The 

research focuses primarily on the Government's use of incen­

tives with defense contractors in the procurement o~ major 

end items. In addition, research was conducted into the 

area of incentives with particular attention paid to the 

most effective incentives from the contractoE's point of 

view. Finally, the study shows how incentives can be use d 

to motivate contractors to imfrove maintainability during 

the design phases of the acquisition. The study does not 

attempt an analysis or the construction of a maintainability 

model. It does not attempt to evaluate the cost­

effectiveness of maintainability nor does it critigue 

current maintainability engineering techniques. The study 

does suggest possible methods cf motivating contractors to 

improve maintainability in systems under design. 

E. METHODOLOGY 

In order to answer the pri~ary and subsidiary research 

questions a combination of research technigues was utilized. 

The first of these was to use existing data in the litera­

ture on maintainability models, maintainability, ~se of 

incentives, structure of incentives, 

tion to form the basis of the study. 

technique involved interviews with 
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personnel and defense contractor representatives from compa­

nies located primarily in the California area. ?hese 

contractor personnel included individuals in contracts, 

engineering, program manager~, and other acquisition 

personnel as would be appropriate for this study. ;\ list of 

the personnel interviewed appears in Appendix A of this 

thesis. To permit those interviewed to answer questions 

freely, all interviews were conducted on the basis of nonat -

tribution. A list of the primary interview ~uestions 

appears in Appendix B of this thesis. 

F. ASSUMPTIONS AND LIMITATIONS 

The major assumption in the study is that the reader has 

some familiarity with the procurement process but not neces­

sarily a professional background in the field. It is 

further assumed that the reader is aware o£ the relationship 

that exists between the defense industry and the Department 

of Defense. 

The major limitations encountered in the study involves 

the material currently available on the use of incentives in 

the manner under study. A great deal of material exists 

that discusses incentives, but ~ost of that material concen­

trates on the use of incentives to motivate the contractor 

to stay on schedule or under cost. Only recently have 

attempts been made to motivatE the design con tractor to 

improve any of the elements of support and published 

material on the effectiveness of those efforts is not yet 

available. 

G. OBGANIZATION OF THE STODY 

The study is organized 1n the following manner: Chapter 

II contains a description of the acquisition process, the 

design process and pertinent definitions. Chapter III is a 
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discussion of the issues concerning maintainability and 

their role in the acquisition process. Chapter IV contains 

a discussion of the issues surrcundinj the use of i~centives 

in defense contracts and a discussion of those factors that 

motivate defense contractors to do business with the 

Government. Chapter V discusses the case of the F/A-18 

program and the incentive program used to improve the main­

tainability of that system and provides an analysis of the 

program's success. Chapter VI provides an analysis of the 

problems and issues sur~ounding the use of incentives for 

maintainability improvement. Chapter VII iinishes the study 

by providing conclusions derived from the research, recom­

mendations on potential future use o£ incentives to improve 

the maintainability of new weafon systems, and ans~ers to 

the research questions. 
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A. MAJOR SYSTEftS ACQUISITION PBOCESS 

In this chapter the major system acquisition process and 

the system design process will be discussed ind pertinent 

definitions to be used later in the thesis will be provided. 

The introduction of a major weafon system is the result of a 

detailed and systematic decision process. The process 

begins with the recognition by the Secretary of Defense or 

one of the DoD component chiefs that a need exists in some 

.mission area [Ref. 8: p. 3 ]. The mission need can bE the 

result of a perceived or actual change in the curre~t 

threat, a change in the state of technology, oc a change in 

an assigned mission element. Continuing analyses of 

assigned missions by the Secretary of Defense, the Joint 

Chiefs of Staff, and the DoD components establishes the need 

for the new system. The purpose of the analyses is to iJen­

tify deficiencies or to identify more effective means of 

per forming assigned missions (Ref. 8: p. 3 ]. However, 

before making the decision to acquire a new system, a thor­

ough investigation of alternatives is conducted to ensure 

that the need cannot be satisfied by a change in tactical or 

strategic doctrine, the use of existing ffiilitacy or commer­

cial systems, or through the modification and improvement of 

an existing system (Ref. 8: p. 4]. After the ijentification 

of a need is established and acguiring a new weapon system 

is determined to be the only satisfactory means of satis­

fying the need, there are two basic requirements to be 

satisfied for initiation of the acquisition process: the 

first, is the preparation of a Mission Need Determination 

(MND) and the second, is the allocation of funds for the 

system [Ref. 9: p. 10]. 
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The allocation of funds for a new system is guit e 

involved in itself as it is integrated fully into t h e 

Planning, Programming, Budgeting System (?PBS) use d to 

develop this nation's budget. Stated briefly, however, to 

receive funding for a program a Justification for a Major 

Systems New Start {JMSNS) is submitted with tne DOD compo­

nent's Program Objectives Memorandum (POM) to the Secretary 

of Def€nse. The Secretary of B€fense then issues a ?rodram 

Decision Memorandum (PDM) which includes the approval or 

disapproval of the JMSNS. Approval of the Jf1SNS authorizes 

the start of the new system and begins the acquisition 

process. 

There are four major phases in the acquisition p roc ess 

today: Concept Exploration, Bemonstration and Validation , 

Full Scale Development, and Production and Deployment. The 

phases follow the same general pattern regardless of the 

acquisition category of the system being acsuired. Ther e 

are four major Acg uisi tion Categories { ACAT) for a ne':! 

system differentiated primarily by the authority level at 

which the decision to continue cr not to continue the acqui­

sition is made (Ref. 9: pp. 32-34]. The categocies are also 

differentiated by dollar threshclds for resear~h and devel­

opment costs and production costs for the system. In ACA T I 

level systems the decision authority rests ~ith the 

Secretary of Defense for most of the acquisition process. A 

financial threshold of $200 million for research and devel­

opment and $1 billion for production is usually considere d 

to be the minimum threshold for an ACAT I system. Most 

major weapon systems remain in this category. ACAT II 

programs utilize the service Secretary as the decision 

authority and utilize a threshold of $100 million for 

research and development costs and $500 million for produc­

tion costs. ACAT III and ACAT IV retain decision authority 

within the DoD component concerned and do not utilize 
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thresholds for research and development or production costs . 

These categories are differentiated primarily by the effec t 

of the acquired system on existing hardware or mission capa -

bilities. (Ref. 9: p. 34] It should be noted that the 

Secretary of Defense can retain decision autho r ity regard ­

less of the thresholds involved if the urgency of neeJ and 

dev elo f men t risk are nigh or it is a joint program wi t h 

other nations or between more than one DoD component 

[Ref. 9: P· 4 ]. For the pur poses ::>f this study the acq ulsi -

tion process described will be that of an AC.\T I leve l 

system. 

The first major phase of the acquisition process is the 

Concept Exploration Phase. During Concept Exploration many 

activities take ?lace; among them the appointment of a 

program manager, the drafting of his charter, the develop­

ment and refinement of an acquisition strategy, the initia-

tion of studies to arrive at performance, cost, schedule, 

and supportability estimates, and the development of test 

and evaluation criteria. The most important activity, 

however, in this pbase is the solicitation from industry, 

in-house laboratories, and universities for alternative 

concepts for evaluation as a means of satisfying the mission 

need. The objective of the Concept Exploration Phase is to 

select the most promising system concepts to ~ontinue into 

the second phase of the process. ~aintainability considera-

tions are in its infancy during Concept Exploration. They 

are usually stated as a series of general parameters that 

form the basic maintainability objectives for the system. 

[Ref. 3: p. 22] Concept Exploration ends with a decision at 

Milestone I. This decision is made by the Secretary of 

Defense based upon information provided in the Milestone 

Review Documentation (MRD) which includes a Systems Concept 

Paper (SCP) and a Test and Evaluation r1aster Plan (TEl1P). 

An approval of the MR~ at Milestone I concludes the Concept 
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Exploration Phase and starts the Demonstration and 

Validation Phase of the acquisition. (Ref. 9: p. 14] 

During the Demonstration and Validation Phase t he 

surviving alternatives undergo analyses, hardvare fabrica­

tion, and test and evaluation to verify that the risks and 

uncertainties involved in the remaining alternatives are 

identified and reducEd to acceptable levels (Ref. 9: p. ~1]. 

This phase is used to demonstrate that the needed technolog y 

is at hand to ensure that only engineeri ng development is 

required to develop the concept. In addition to verifying 

the existence of the technology necessary for tte syst e m, 

performance and mission envelopEs are defined and trad e- off 

analyses of capabilities versus cost are conducted in order 

to select the concept for full scale developillent. Durin g 

Demonstration and Validation, maintainability parameters are 

allocated to the lower levels of the system a nd these par a m­

eters begin to become more definite and measurable. The 

contractors developing the design begin to make their trade­

off analyses to test the achievability of the ob jectives 

stated. (Ref. 3: p. 22] The otjective of the De monstration 

and Validation phase is to identify the system concept 

having the greatest potential for meeting the mission n eed 

in a cost effective manner. ThE conclusion of Demonstration 

and Validation occurs at Milestcne II. At Milestone II the 

Secretary of Defense reviews the MRD for the system. 1he 

MRD is basically the same as that used at Milestone I e xcept 

that a more detailed Decision Coordi- nating Paper {DCP) is 

used instead of the SCP. In some cases, the decision 

authority will reguire more detail than that present in the 

DCP and thus require that an Integrated Program Summary 

~PS) be submitted also. Approval of the MRn at Milestone 

II concludes the Demonstration and Validation Phase of the 

process and authorizes entry into Full Scale Development of 

the system. (Ref. 9: pp. 41-45] 
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The Full Scale Development Fhase is a period of careful, 

iterative, and detailed engineering effort [Ref. 9: p. 51]. 

By this stage in the acsuisiticn process, the alternative 

concepts have been narrowed down to one or two systems that 

can satisfy the mission need in a cost effe~tive manner. 

The objective of this phase is the demonstration and docu­

mentation of a cost effective, cperationally suitable, reli­

able and production engineered system that meets the mission 

need. (Ref. 9: p. 53] During full seale de vel opmen t the 

producibility of the system will be demonstrated through the 

establishment of the product ion lines to be used during the 

last phase of the p r:ocess. Also, during this phase the 

maintainability para meters est a l:lis h ed earlier and allocated 

to the system can be tested en the prototypes developed 

during this phase. By this stage in the system's develop-

ment the design effort for the maintainability of the systcill 

is virtually completed (Ref. 3: p. 23]. The final decision 

point, Milestone III, reguires the same basic documentation 

as that required in Milestone II, however, in many cases the 

decision authority for approval at ~ilestone rii has been 

delegated to the DoD component Secretary (Ref. 9: p. 66]. 

Milestone III concludes the Full Scale Development Phas€ and 

begins the Production and Deployment Phase of the acquisi­

tion process. 

Those activities designed to produce the system in a 

cost effective manner and issue it to the inventory describe 

the Production and Deployment Phase of the acquisition 

process. This phase will continue until the syste:n is no 

longer required to fulfill a mission requirement. Although 

the process consists of four distinct phases, fl€xibility 

and concurrency are encouraged where possible to expedite 

the fielding of the system. Fexibility and concurrency, 

however, are not to be pursued at the expense of sound 

management practices. The entire acquisition process is 
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evolutionary in nature beginning with a mission need, 

evolving into a conceptual idea, then into an engineering 

prototype, and finally into a mission ready syste~ for the 

user. 

B. THE DESIGN PROCESS 

The design process is also evolutionary in nature bejin­

ning with an idea and evolving into a physical model of the 

system. The process begins with a conceptual design ~hich 

includes feasibility studies directed toward defining a set 

of useful solutions to the need to be satisfied (Ref. 10: p. 

186]. 'Ihe output from this phase of the design contains a 

technical baseline for the system, a definition of the 

systems operational requirements, and the maintenance 

concept (Ref. 10: p. 186 ]. This phase of the design process 

occurs during the Concept Exploration Phase of the acquisi­

tion frocess. The second phase of the design process is the 

Preliminary System Design. During this phase of the design 

the baseline configuration identified in the conceptual 

design is used to identify system level requirements and 

detailed qualitative and suantitative characteristi~s 

[Ref. 10: p. 186]. It is during this phase of the design 

that trade-off studies, logistics support analysis, configu­

ration definition, and functional ~nalyses and allocation of 

reliability and maintainability factors are conducted. 

Preliminary System Design occurs during the Demonstration 

and Validation Phase of the acquisition process. The final 

stage of the design process is the Detail Design and 

Development Phase and includes those activities associated 

with the Full Scale Development phase of the acquisition and 

concludes with the existence of a physical model or proto­

type of the new system [Ref. 10: p. 188]. As can be plainly 

seen, the major design decisions are already made before the 
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end of the 

process. 

objective 

contractor 

Full Scale Development Phase of the acquisition 

If improved maintainability of the system is an 

of the acquisition and incentives to the 

are the means to ac~omplish it, contractual 

implementation of those incentives must be achieved early in 

the acquisition process. 

C. DEFINITIONS 

The definitions ccntained in this section ~nd the acro­

nyms associated with them will be used throughout the 

remainder of this thesis. 

Operational availability is the probability that a 

system or esuipment, when used under stated conditions will 

operate satisfactorily when called upon. It is calculated 

by dividing the mean time between maintenance actions by the 

sum of the value for mean time between maintenance actions 

and mean maintenance downtime. (Ref. 10: p. 67] 

2. Me~g ~Q££gctive ~~in!~~an~~ ±!~~ {~£i)L tl~~Q Time to 

Repai£ (11±±.!0 

Each time a system fails a series of steps is 

required to repair or restore the system to its full opera­

tional status. These include fault detection, isolation, 

disassembly, repair, reassembly, and checkout. Completion 

of these steps constitute a corrective maintenance cycle. 

The composite value representing the arithmetic average of 

the individual maintenance cycle times is known as Met or 

MTTR. [Ref. 10: pp. 36-37] 
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Logistics Delay Time refers to that maintena nc e 

downtime that is expended as a result of waiting for a spare 

part to become available, waiting for test equipment, trans­

po~tation, or facilities. It does not include active main­

tenance time but does constitute a major element o~ total 

maintenance downtime. [Ref. 10: p. 46] 

Administrative delay time refers to that portion of 

downtime during which maintenance is delayed for reasons of 

an administrative nature such as: personnel assignment 

priority, labor strikes, personnel training requirements, 

and organizational constraints. It does not include active 

rna in ten an c e t i me . [ Ref. 1 0 : p • 4 6 ] 

!his is the total elapsed time . r e guired to repair 

and restore a system to iull operational status ot retain a 

system in that condition. It includes mean active mainte­

nance time, logistics delay time, and administrative delay 

time. (Ref. 10: p. 46] 

Mean active maintenance time is the average elapsed 

time required to perform scheduled and unscheduled main te­

nance and excludes Logistics Delay Time and Administrative 

Delay Time. (Ref. 10: p. 45] 

Mean time between maintenance is the rrean time 

between all maintenance actions (scheduled and unscheduled) 

and is calculated by dividing 1 by the eguipment failure 

rate and the preventive maintenance rate. (Ref. 10: p. 46] 
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Life cycle coEt is the total of all costs associated 

with a particular weafon system and is calculated by taking 

the sum of research and devElopment costs, procureme:r: t 

costs, and operation and mainteran~e costs. 

D. SUMMARY 

In this chapter the major systems acquisition process 

was described and the decision milestones, documentation, 

and acquisition categories were identified. In addition, 

the design process was discussea and its relationshif tc the 

phases of the acquisition process was established. Finally, 

definitions of terms to be used in subsequent ~hapters were 

provided as well as the acronyns associated with them. In 

the next chapter the concept of maintainability will be 

discussed as well as the relevant issues concerning its role 

in the development of a new weafon system. 
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A. GENERAL 

This chapter discusses the issues surcounding t h e 

concept of maintainability. The discussion includes a 

description of the components of maintainability, the role 

of maintainability in the evolution of the dasign of the 

system and its role in the acquisition process, and finally, 

it includes an identification cf the potential areas wher e 

trade-offs may occur. Maintainability has a quantitative as 

well as a gualitative definition, which complement each 

other to define the term. The purpose or qualitative defi­

nition of maintainability is: 

To ensure the new weapon system has t he characteristics 
of material design and lnstallation which make it 
possible to meet operational objectives with a mi ni mu m 
expenditure of maintenance effort under the sam e o pera­
tional conditions in which scheduled and unscheaule d 
maintenance will be performed. [Bef. 11: p. 1] 

Quantitatively, maintainability is: 

A characteristic of design which is expressed as t he 
prob~bility that an item will.be resto~ea to specified 

· condltlons wlthln a glven perlod of tlme when malnte­
nance action is performed ln accordance with prescri be d 
procedures and resources. [Ref. 11: p. 1] 

Put simply, maintainability is that element of ILS that 

deals with the design of a weapon system or com?onent 

thereof, such that consideraticn is given to s h ortening the 

period of time the system is inoperable because of preven­

tive or corrective maintenance actions. 
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B. CO~PONENTS OF 8AINTAINABILI~Y 

The discussion of the compcnents of maintainability in 

this thesis will focus on the eight major elements which 

comprise a typical maintenance cycle. The components of 

maintainability are: delay time, preparation time, fault 

location time, item obtainment time, fault correction time, 

adjustment and calibration time, checkout time, and adminis­

trative time [Ref. 11: p. 11 ]. These elements are directly 

associated with the actions reg uired in a corrective main te­

nance action. However, since many of these actions are also 

required in a preventive maintenance action the two types of 

maintenance cycles will not be differentiated i::1 the 1iscus­

sion that follows. 

Delay time is the first element to be considered. telay 

time is defined as the time lafse between the occurrence of 

t h e failure and the technicians response to the call for 

maintenance. Delay time originates from two different 

sources. The first, fault detection, can range in time from 

a few seconds in automated systems or systems with extensive 

built-in-test equipment to sevEral hours in manually oper­

ated systems. Fault detection time becomes ~ significant 

factor in systems operational readiness testing and.normal 

operations when operational availability is a primary 

requirement. The second component of delay time involves 

technician notification and is essentially a communication 

task, which accounts for the time period between systems 

failure and the technician's re~ponse. (Ref. 11: p. 9] 

The second element of maintainability is called prepara­

tion time. Preparation time i~ simply the time it takes to 

gather the tools and equipment necessary to perform the 

maintenance. This time occurs prior to the commencement of 

repair work and would include any time required to cbtain 

additional tools after repairs began. Influences on 
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preparation - time include location and manner of storage of 

tools and test equipment as well as the number and varieties 

that will be reguired. [Ref. 11: p. 9] 

The third element of maintainability is fault location 

time, which is the time reguired to localize, gain access, 

composed of and identify the failure. Fault location is 

three elements. The first, fault localization, is the time 

required to determine which major component of the system is 

down. This is accomplished through the use of malfunction 

symptoms, test equipment, or ether features built into the 

system. In manual systems this can be an extremely time 

consuming task, often the result of trial and error method-

ology in trying to localize the failure. The second element 

of fault location is gaining access to the failure. This is 

the time required to open the eguipment and remove any parts 

that interfere with troubleshocting and replacement opera­

tions. Types of fasteners used and the size, type, and 

location of access 

gain access to the 

location is failure 

Ofenings influence the time required to 

failure. The final element of fault 

isolation. 

element often accounts for more time 

In manual systems this 

than any other task in 

the cycle and may account for as much time as all others 

combined. The trial and error methodology necessary to 

isolate the failure cften results in excessive time spent in 

this element. However, even in automatic systems failure 

isolation can be extremely time consuming task unless the 

system is automated down to the individual part level, 

creating a system which is often very expensive to produce. 

Fault location is probably the biggest area in which 

improvement can be made in the early stages of the design of 

the system. (Ref. 11: p. 9] 

The fourth element of maintainability focuses on the 

time reguired for the technician to obtain parts, assem-

blies, or units needed for the maintenance a~tion. This 
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time, item obtainment time, includes the time reguired to 

identify the item, prepare the requisition, obtain the part 

from the storage area, a~d return to the repair area. 

Backorder time is not considered here, but is included in 

the Logistics Delay Time (LDT} as part of the total 

Maintenance Downtime (MDT). (Ref. 11: p. 9] 

The fifih element of maintainability is the time it 

takes to perform the maintenance on the failed item either 

in place on the equipment or to replace the broken item with 

a replacement obtained earlier. The fault correction time 

can range from a few minutes to several hours. The mean of 

these times taken over a number of maintenance actions is 

commonly referred to as the equipment's Met. 

9-10] 

[ Ref. 1 1 : pp. 

The sixth element is the time necessary for recalibra-

tion, retuning, and adjustments required because of differ­

ences between the original item and its replacement. This 

period lS known as adjustment and calibration time. 

[Ref. 11: . p. 10] 

~he seventh element is called checkout time and is the 

time required to reassemble and checkout the equipment. 

Reassembly time measures the time necessary to repl~ce the 

items removed during disassembly and maintenance. The 

second component, checkout, is the time required to deter­

mine if the eguipment is operating properly and can be 

returned to service. (Ref. 11: p. 10] 

The final component of maintainability is administrative 

and logistics time and includes downtime due t~ backordered 

parts, lack of space, test equiFment, or maintenance facili­

ties, and all the time due to nonavailability of personnel 

caused by administrative functions. This component is 

commonly referred to as Administrative Delay Time 

[Ref. 11: p. 10] 
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over a weapon system's life cycle hundreds of mainte­

nance actions will be required anj they follow the general 

pattern just described. The average time it takes to 

complete this cycle is known as the Mean Time To Repair 

(MTTR) for the system. However, notice those components of 

maintainability that are really susceptible to being influ­

enced by the design of the system's hardware. The designer 

of the system can influence only three of the eight ccmfo­

nents described, because only three are strictly equipment 

related. The first of these is delay time and it can be 

shortened significantly through the use of Built-in-Test 

Equipment {BITE) designed to improve fault detection and 

notification. Early fault detection often prevents furtter 

damage and reduces the cost of repairing systems or compo­

nents that fail as a result of the first failure. Fault 

location is the second component that can be directly influ­

enced. The time required to localize, gain access, and 

isolate the fault can be shortenej with the appropriate use 

of BITE, the proper placement of access panels,· fasteners, 

and components, and the thoroughness of the technical publi­

cations that accompany the equipment. The final component 

of maintainability that can be influenced by design is cali­

bration and adjustment time. Here again, BITE, test site 

and jacket placement, and test procedures help shorten that 

time. The other elements of the ILS plan such as sup~ly 

support, maintenance planning, fersonnel training, personnel 

availability, and transportation and facilities determine 

the remaining five elements of the maintainability of a new 

system. The designer may have an affect on these elements 

through his recommendations to the ILS planners but it will 

not be the same as the affect he can directly apply to the 

hardware design itself. 
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C. IMPACT OF MAINTAINABILITY 

One of the major objectives in the acquisition of a~y 

new weapon system is to acquire the system that most effec­

tively satisfies the mission need [Ref. 8: p. 3]. A measure 

of the system's effectiveness in which maintainability has a 

pronounced effect is the life cycle cost of the system. 

This is most noticeable in the support costs that accrue 

during its life. Studies have shown tbat improved maintain­

ability in a system significantly lowers the maintenance 

costs by 

maintain 

reducing the 

it [ Ref. 12]. 

labor hours and spares required to 

These savings generally accrue 

system and are difficul~ to 

the acquisition. As one 

during the operating life of the 

measure in the early phase of 

contractor representative stated during an interview: 

The buyer wanted it vesterday~, he wasn't concerned witb 
the supportability of it, a..u he wanted was a system 
that could perform now. It wasn't until after the 
system was f1elded did he worry about supgortabilitv and 
tnen it became really expensive to prov1ae the support 
package he wanted. 

Developing support packages after the deployment of the 

system is not an uncommon occurrence. Seven of . those 

personnel interviewed stated that when the budget became 

tight the support for the system generally was the first 

area to be cut. 

a production 

participating: 

One of those interviewed stated that during 

contract negotiation in which he ~as 

The Government buyer asked hew much maintainability he 
could get for $75,000; the contractor told him and the 
buyer aeleted the entJ..re i tern. 

The problem these incidents pcint out is that maintain­

ability is not being considered as a design objective of the 

new system as a means of reducing the life cycle costs, but 
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only as something concrete that can be added or deleted to 

the system i£ there is a spare dollar in the budget. 

The previous chafter stated that the design process is 

evolutionary in nature and, as in nature, this process 

starts from the basic foundaticns laid during the ~arliest 

phases of the acquisition process. 

stated: 

As those interviewed 

This means that during the pre-concept exploration 
period that clear, concise cbjectives regard1ng main­
tainability for ~he new system must be consldered. 
These objectives should cons1der the priority maintain­
ability receives in funding as well as tne desired 
object1ves for such measures as MTBM, MMH/OH, MTTR, anJ 
Ao. 

They also said that during concept exploration these objec­

tives need to be communicated to those industries, labora­

tories, and universities developing these cor-cepts. The 

objectives should not be communicated in terms of hardware 

or configuration because this would constrain the designer. 

As one intervie~ee related concerning the development of the 

MX missile: 

By telling us it had to be a three stage reissile vice a 
two stage one our ability to design the most maintai­
nable one was impaired because that dictated the place­
ment of access panels and complicated the design by 
adding additiona 1 components to t.he system. 

During the demonstration and validation phase of the acqui­

sition when preliminary design is underway, the achiev­

ability of maintainability objectives can be used as a means 

of determining which designs to pursue (Ref. 10: p. 186]. 

Finally, as the design matures into a piece of hardware 

during full scale development the maintainability of the 

items produced as prototypes can be tested [Ref. 12 ]. 

Maintainability is not something that can be added to a 

system; it must be designed into it and therefore, must be 
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considered from the initiation of the program [Ref. 12]. 

Maintainability is not an entity unto itself ar.c is usually 

designed into a system at the expense of something else; 

trade-offs become necessary [Ref. 12]. 

D. TRADE-OFFS CONSIDERED 

Many trade-offs exist when discussing maintainability 

and reliability; most of these are parametric trade-offs 

such as weight vs. performance, maintai~ability vs. weight, 

reliability vs. life cycle cost, and many others that can be 

developed. Two of these trade-offs, maintainability vs. 

reliability and life cycle cost vs. maintainability, are 

emphasized to demonstrate (1) the relationship that 

exists, (2) that changing 

parameter of the system, and 

one parameter affects another 

(3) that trade-offs ca.:1not be 

accomplished in a vaccuum. The first is the trade-off that 

exists between the maintainability and the reliability of a 

system. The nature of the relationship is such that as more 

maintainability is designed into the system th2 reliability 

of the system decreases due 

the eguifment and the need 

to the increasing complexity of 

for adJitional systems to ensure 

rapid failure detection and location [Ref. 12]. As · far as 

the contractor representatives interviewed were concerned, 

unless directed to do otherwise, their efforts would be to 

keep the reliability portion of that relationship high at 

the expense of maintainability. They ir.dicated that the 

adverse publicity and impact on future business is greater 

on a system that is constantly failing than the damage to 

business caused by the extended amount of time it reguires 

to fix a particular system. Further, interviews with 

Government and contractor personnel confirmed that the 

contractor performed the bulk of the detailed trade-off and 

decision analyses because the buying office jenerally did 

not have the "tools or the time" to prepare such ::inalyses. 
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The other trade-off considered concerns the relationship 

that exists between life cycle cost and ruaintainability. 

Assuming that a balance has been reached between reliability 

and maintainability and that maintainability has been 

designed into the system; even though the initial acquisi­

tion costs will be higher, the cperating costs of the syste~ 

will be less than if maintainability were not considered. 

The savings that result will be generated by the reduction 

in man-hours spent in the maintenance of tbe equipment, the 

savings generated because unnecessary spares are not 

purchased, and the improved operational availability of the 

system. This trade-off is hard to demonstrate to a program 

manager at the initiation of a program because he is 

constrained by a limited budget and funding for the oper­

ating and maintenance costs in ~hich the savings will accrue 

are programmed from another source. 

E. SUMMARY 

This chapte~ provided a discussion of the concept of 

maintainability. Also in this chapter, maintainability ~as 

divided into its eight components. The chapter identified 

those components that the haroware design could influe~ce 

and described the impact of maintainability on the life 

cycle cost of the system and its role in the acquisition 

process. Finally, the chapter described the trade-offs 

involved between maintainability and reliability and main­

tainability and life cycle cost. The next chapter discusses 

the issues and concepts surrounding the use of incentives in 

con tracts. 
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A. GENERAL 

This chapter discusses the concepts anC. issues · involved 

in the use of incentives in deferrse contracts. Some of the 

issues this chapter discusses include: ( 1) th2 significant 

characteristics of an incentive; (2) the factors that moti­

vate the contractor to do business with the Government; (3) 

the functions and tyr:es of incentives; (4) the role of 

uncertainty in incentive contracts; (5) the current struc-

tures of incentives in defense contracts; and (6) 

use incentives in defense contracts. 

when to 

The American Heritage Dicticnary defines an incentive as 

"something inciting to action or effort, as the fear of 

punishment or the expectation of reward; motivation." 

[Ref. 13: p. 664] In acquisition, the concept surrounding 

the use of incentives is that they are generally employed to 

motivate the contractor to place extra effort in a partic­

ular area of the contract and ar~ designed to serve as a 

reward for that effort. This usually means increasing the 

contractor's profit in response to the contractor satisfying 

some predetermined objective. There are five basic func­

tions of incentives as applied to the acquisition environ­

ment. The first function is to attempt to distribute some 

of the risk of development programs between the contractor 

and the Government. The second function of an incentive is 

to communicate the Government's objectives in a particular 

program ty targeting those areas in which the Government 

desires the contractor to concentrate his efforts. The 

third function of an incentive is to allow the ~ontractor to 

make cost, schedule, and ferformance trade-offs when 
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designing a system. The fourth function of an incentive is 

to help alleviate industry claims that a yap exists in the 

free eLterprise system. The last function of an incentive 

is to motivate the contractor. [Ref. 14: p. 3 0 ] H o w e v er , 

incentives to date generally have not done well in accom-

plishing contractual objectives, but seem t~ have shewn 

value in directing contractor attent~on and iu assisting 

communication among the contracting parties [Ref. 14: p. 

30]. One factor that seems tc contribute to the lack of 

effectiveness of incentives targeted at cost, for example, 

is the low share that the contractor must pay for any cost 

overruns (Ref. 15: p. 242]. As Irving ?isher- stated in a 

study conducted for the RAND CoLporation, 

Incentive contracts probably. are not ~~v~ng th~ 
Government much money through lncreased efilClency ana 
better cost control. Consequently~ the merits of ince~­
tive contracts will have to te juaged on otner grounds. 
[Ref. 16] 

Incentive contracts in the past have generally targeted 

cost, schedule, and management performa?ce of the 

contractor. The reasoning for the past approaches to incen­

tive contracting may have been an overemphasis on the risks 

involved in the development of a new weapon system 

[Ref. 14]. 

B. INCENTIVES AND RISK 

In every new weapon system acsuisition, ris k abounds; it 

exists in the technology of the 

estimates of the system, the 

system, and the achievable 

required system to name a few. 

proposed system, the costs 

proposed schedule for the 

performance levels of the 

Risk defined in the context 

of acquisition is "the possibility of an unfavorable devia-

tion from expectations; that is, the occurrence of an 
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undesirable contingency. 11 [Ref. 17: p. 3 J Most businesses, 

when acting as a whcle, tend to be risk averse, that is, 

they prefer perfectly certain investments to uncertain o~es 

with an egual but uncertain return (Ref. 18: p. 206 J. 'I he 

Government, on the other hand, is generally classified as 

risk neutral for the following reasons: {1) the iiealth o£ 

the Government is high in relation to the value of the indi­

vidual decision to be made; (2) the Government's significant 

ability to pool the risks involved; and (3) empirical 

evidence showing the Government's willingness until the mid-

1960s to negotiate pure cost-reimbursement type contracts 

[Ref. 15: p. 20]. Hence, in an effort to control cost over­

runs, delays in schedule, and pcor performance in new weapon 

systems, the Government was willing to accept a greater 

share of the risks involved in developing the system by 

entering into incentive arrangements that split the savir.gs 

that resulted from cost underruns or the excess costs that 

resulted from cost overruns (Ref. 15: p. 14]. 

C. INCENTIVE STRUCTURES 

There are two basic structures for incentive arrange­

ments currently in use today. One structure involves the 

use of a share ratio that divides the difference between the 

actual costs incurred on a contract and the target cost of 

the contract according to a predetermined ratio that awards 

or assesses a proportion of the savings or overruns to the 

contractor and distributes the reillainir.g share to the 

Government. This structure is used primarily to motivate 

the contractor to stay under the target cost on a particular 

contract, the theory being that the contractor will be moti­

vated to control costs if the1 share in the savir.gs that 

result. However, there is some doubt as to the effective­

ness of this sharing of savings in being motivating to the 
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contractor to reduce costs (Ref. 14]. Recent studies have 

indicated that the share allotted to the contr~ctor has not 

been large enough to motivate the contractor to control 

costs or alter his apfroach to cost control [Ref. 14]. 

The other incentive structure is the award fe€. The 

award fee concept is usual~y targeted toward performance and 

delivery requirements, program milestones, and management 

goals in a contract and invclves the establishment of 

rewards to be given, either in whole or in part, to the 

contractor periodically upon demonstrated performance in one 

of the targeted areas. These areas are usually reviewed on 

a regular basis and awards are made based upon these peri­

odic revie~s. Contractor personnel interviewed stated that 

they favored the use of the award fee structure because it 

required the con tract to specify the reguirement, the test 

criteria, the time of the review, the amount of the a ward, 

and generally made the objective of the incentive very clear 

and concise. They felt that the use of the award fee 

allowed contractor management to make choices about ~hich 

incentives to pursue, helped them. place a value on the 

incentive, and helped motivate those people that worked on 

the incentive because it could be .stated as a clear objec­

tive for the program. An a ward fee could be publicly 

displayed as a goal for the work force to attain and could 

be used to help explain the extra effort required to rleliver . 

a product ahead of schedule. Eight of the twelve contractor 

personnel interviewed felt the objectivity that they had 

experienced in the incentive structure in award fe~ 

contracts made it a more effective motivating tool than the 

share ratio structure. 
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D. SIGNIFICANT CHARACTERISTICS OF INCENTIVES 

~hat are the significant characteristics ~f an incen­

tive? This question was asked of all the personnel inter­

viewed for this study. The answers to the question were as 

diverse as those who answered it. However, those inter­

viewed generally agreed that an effective incentive should 

~ontain at least the characteristics described below. 

The first and most important characteristic of an incen­

tive should be its positive approach. The incentive should 

be a reward for performance rather than a penalty for 

failure to perform. The warranty and the Reliability 

Improvement Warranty are good examples of a negative incen­

tive or penalty approach. The contractor is motivated to 

build a system that does not fail because of the i~plica­

tions of the warranties in the contract. They said the 

warranty re presents a duplication of effort because if the 

contractor produces systems that 1o not perfocm they will 

not remain in business for very long. Those interviewed 

generally agreed that negative incentives do not motivate . 
them to produce any more than the minimum specified require-

ments of the contract. Further, they said, these ~arranties 

were not just given away; that the Government paid~ great 

deal of money for them and cften encounterei difficulty 

enforcing them. They felt that this negative approach 

created unnecessary animosity between the Government and the 

contractor. They also pointed out that the contractor has 

as much at stake as the Governaent in a major weapon system 

acquisition and that if the system fails it only hurts tusi­

ness in the long run. ~hey indicated that the development 

of a major weapon system is a team effort and that a posi­

tive approach to solving the development issues was more 

conducive to the kind of performance desired of the system. 

They recognized the need for warranties and did not object 
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to them in contracts they had, however, they resented the 

use of the warranty as a tool to induce performance. They 

felt a positive approach using a reward for performance 

above the minimum target specifiej would be more effective 

in stimulating the contractor and would probably not cost 

any more than the negative alternative. 

Another characteristic the interviewees listed for an 

incentive was recognition. ~hey felt that an incentive 

should recognize superior perfcrmance as well as superior 

performers. The interviewees pointed out that the 

Government and public were guick to recognize the failures 

of a contractor and very slow to recognize the accomplish­

ments. They also stated that Government recognition o£ the 

superior performance of the engineers, assemblers, and other 

manufacturing people was lacking. They acknowledged tnat 

the recognition they described was really a corporate func­

tion, but the contractors said it would really be a morale 

booster if the Government acknowledged, if even only by 

letter, that the employees of XYZ corporation surpassed the 

guality requirements of a contract and delivered a product 

that won an incentive award specified in the contract. They 

indicated that those responsible for the achievement of the 

incentive went unrecognized and sometimes were not aware 

that an incentive was won. 

The interviewees mentioned another characteristic of an 

incentive, that is, it must challenge the contractor. Some 

felt that the incentives offered for superior performance in 

contracts they currently had were not challenging. In fact, 

one interviewee stated regarding some of the incentives on 

the F/A-18 program that many cf the reliability standards 

established as goals for incentive awards were too easy. A 

contractor stated that his comfany considerei many of the 

performance criteria established by the Government well 

within their capablities and worked as though the criteria 
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were just the minimum specifications to be met on the 

contract. Their company was not challenged to go beyond 

their capabilities. "The higher the inten:ied level of 

achievement the higher the level of performance." (Ref. 20: 

p. 163] People tend to concentrate their efforts towards 

those areas that yield the highest rates of Leinforcement 

(Ref. 20: p. 167]. Challenge is a form of reinforcerr:ent. 

The contractors felt that the incentives established should 

te sufficiently challenging in crder to put some uncertainty 

into the achievability of the incentive. It should be chal­

lenging but not unrealistic. The interviewees also acknowl­

edged that it is guite easy to look back and say an 

incentive was too easily met and quite another to attempt to 

develop an incentive during Concept Exploration that is 

realistic and challenging when the concept to solv~ the 

mission requirement has not yet been established. 

Another significant characteristic mentioned by those 

i n terviewed was timeliness. 'Ihe timeliness they refer to 

has to do with awarding the contractor the rewards stated in 

the con tract when the reward is earned. They stated that 

many times the award of the incentive reward was given well 

after the engineers or other manufacturers who achieved it 

had left the company or began wcrk on another pLoject. They 

felt that too often the incentive was paid as a share of 

savings and was hidden in payments to the contractor long 

after t h e incentive goal was attained. They preferred to 

see the incentive paid when it was demonstrated that the 

performance goal had been met. 

The last and most significant characteristic of an 

incentive according to th"e interviewees was that it should 

motivate the contractor to perform. They felt the incentive 

should be challenging enough tc pose a question of uncer­

tainty as to its attainment. They felt the incentive must 

be clearly established, concisely worded, and objectively 
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tested to determine the contractor's success or failure in 

meeting the incentive requirement. They felt that the 

reward for accompli~hiny the incentive should reflect the 

risk involved in attaining it. rhe ability to motivate is 

the hardest characteristic tc build into ~n incentive 

because it requires that the Government understand what 

motivates the contractor they are dealing ~ith at the time. 

The same factors that motivate one contractor do not neces­

sarily motivate another. 

E. CONTRACTOR MOTIVA~ION 

Before meaningful incentive~ can be formulated for a ne w 

weapon system, there must be a clear understanding of what 

it is that motivates a defense contractor to do business 

with the Government. 

defense contractor: 

To understand how to motivate a 

You must recognize that you are dealing with people 
formed together to make up an organization. The ~oals 
and intentions of the inuividuals are expressed ir. the 
goals and intentions of the organization. [Ref. 19: p. 
19] . 

Every management student is aware of Maslow's "hierarchy of 

needs 11 theory that describes human development in terms o£ 

satisfaction of increasing levels of needs from the need to 

meet the bare physiological requirements of life to 

achieving the self-actualizaticn he desires ~s his simpler 

needs are satisfied (Ref. 21: p. 32]. However, most do not 

realize that a corporation al~o has a hierarchy that it 

seeks to satisfy as it matures and grows during its life 

[Be£. 21: p. 34]. Some of these needs or stages a corpora-

tion encounters during its life ~re: survival, profit, 

market share, and prestige. Understanding the stage of 

development a contractor is in is the key to understanding 
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the best way to motivate it. Fut simply, a contractor just 

entering the business is seeking to satisfy sui:"vival needs. 

~hat means he is interested is getting all the business he 

can get. After satisfying the basics of survival the 

contractor will direct his efforts more towai:"d increasing 

his profit. As the contractor grows profit will still be a 

concern but he will direct his efforts toward more company 

growth. As his growth needs are satisfied the contractor 

will seek to increase his market share of the industry. As 

all these needs are satisfied the contractor will seek to 

satisfy the need for prestige for the company. They will 

atte.mpt to become known throughout the defense industry as 

the best producer of aircraft or ships and when a tough 

problem arises they will attempt to become known as the ones 

to call. (Ref. 21: pp. 38-40] 

~he perspectives of Government and industry are 

different as to what motivates a contractor. 

The Government perceives short-term monetary objectives 
such as profit, cash flow, and return on investment as 
the key motivators. Tne contractors express more 
interest in the long-term strategic objectives such as 
company survival ana growth and the reputa"tion objEc­
tives of producing a gua+ity rroduct and ensui:"ing pro2~r 
performance. Bot}. part1es agree, however, that proi~t 
~s one of the key factors~ ana that incentlve fees which 
can result in hlgher proiits are an effective means of 
motivating the custcmer. (Ref. 22: p. 51] 

Government and contract representatives perceived monetary 

rewards such as incentive fees to be the most effective 

types of incentives. Second in perceived effectiveness 

among both groups were the risk reducing types of incentives 

such as capital investment protection and long-term funded 

con tracts. (Ref. 22: p. 51] Some disincentives were also 

identified in the literature and were verified by the 

contractors interviewed. These included excessive regula­

tion, socio-economic reguirements, unallo~able costs, and 
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Cost Accounting Standards; however, the top three disincen-

ti ves were: excess Government interference, excess paper-

work, and program instability resultin9 from poor Government 

planning. [Ref .. 22: pp. 51-52] 

In order to motivate a contractor motivation must occur 

on two levels. First, it is necessary to motivate the 

corporation and second to motivate the people that make up 

the corporation. To motivate the con tractor, planning L1 us t 

start before the contract award. The Government must 

assemble information on the objectives of the acquisition, 

the internal and external constraints on t.he Government's 

behavior during t.he acquisition, the contractor's objec­

tives, and any constraints on his behavior [Ref. 7: p. 59]. 

The Government must understand that industry places more 

interest in long-term profit objectives (a good product and 

continuing business relationshit:s) than it does on sho.::-t-

term frofit (Ref. 7: p. 75]. To motivate a contractor on 

the second level, the employees, it is necess1ry to under­

stand what motivates t:eople to do what they do. Frederick 

Herzberg pointed out that the motivation to perform a task 

must be developed from within the individual and that the 

best that managers can do to mctivate their employees is to 

create an environment that ignites those desires within them 

[Ref. 23]. It must be recognized that what motivates people 

varies with people and with situations (Ref. 2q: p. 645]. 

Six factors which do create the situations needed to 

motivate employees are: 

(1) The challenge found in the work. If this is to be 
minimized, people must know the purpose and scope of 

·their job responsibilities, what their authority is, and 
what is expected of them, and they must have ~ belief in 
the value of what they are doing. (2) Status. It 
includes titles, promotions, and such symbols as office 
size and appointments. (3) Leadership( thit is, the 
urge to be a leader among ones peers or ln ones field or 
ina.ustry. (4) Competition. 'Ihe realization that others 
are competing for the job, inst~nt contract, or market 
2osition of the company. (5) Fear, this takes many 
forms, including fear oi error, failure, loss of a job, 
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or a reduction of a bonus or salary. !6) :1oney is a 
very effective motivator; most often lt is more than 
mere money, it is the prestige that accoillpanies it when 
an award lS received. LRef. L5] 

In order to motivate a contr~ctor the Government illUSt 

understand where it stands in the evolution of the business 

and what the contractors needs are. Further, the contractor 

must be motivated from two levels, the corporate level· 

thcough an understanding of the corporate objectives, - and at 

the people level through an understanding of the factors 

that motivate people to do their best effort. 

Contractors interviewed stated that a number of factors 

motivated their ccmpanies to do business with the 

Government. First, they felt the business was relatively 

stable. The contractors indicated that even though the 

intensity of the business and the volume of defense ~ork 

shifted from time to time there was sufficient work to make 

it a viable industry. Second, they felt thece was a defi­

ni te need for their product and that the need would continue 

to exist. Third, they stated a patriotic reason for their 

participation in defense work and felt they were making 

significant contributions to the defense of this country. 

Finally, they stated that defense contracts were ge'nerally 

very profitable. They said some contracts were more profit­

able than others but overall the return on invest~ent in 

defense contracts was very respectable. It is important to 

realize that defense contractors are businesses and to exist 

they must satisfy the basic function of a business: to 

create a customer (Ref. 26: p. 61]. The customer is created 

by contractors directing their attention to two basic activ­

ities, marketing and innovation (Ref. 26: p. 61 ]. Defense 

contractors do business with the Government because the 

customer exists, it's profitable, the market can grow, and 

it provides an arena for innovative technology that can be 

app l ied in the commercial activities of the industry. 
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F. INCENTIVES: RHAT AND WHEN? 

The inteviewees were all asked what would motiva t e them 

to spend more design effoct to improve maintainability i n 

new systems and they provided two basic answers. First, 

they said that if the Government were willing to invest more 

money in the development of mere maintainable systems the 

contractor would design as much maintainability into the 

system as desired. Their seccnd response was that their 

greatest fear was failure to pErform to the level re quired 

ty the contract. They said that if a maintainabilit y p ar a m­

eter was stated in the contract that was achievable, 

demanding, and realistic that they would treat it as a sp ec­

ification and put the design effort in to accomplish it, but 

would adjust the price of the contract accor d ing ly. Tney 

much preferred, however, that more positive a p proaches to 

improving maintainability be usEd and recommend ed that posi­

tive incentives be used rather than the fear of failure as 

the key motivator. "Big fears- If misused to d rive disci-

plinary devices can cause only resentment and resistance, 
\ 

they can only demoti vate." [Ref. 26: P· 237] In the case of 

defense contractors they felt that appeal to the profit 

motive would be a very effectivE incentive. "The_ first test 

of any business is not the ma~imization of profit but the 

achievement of sufficient profit to cover the risks of 

economic activity and thus to avoid loss." [Ref. 26: p. 60] 

The contractor's desire to avoid economic risk and loss of 

profit can also be used to motivate the contractor. 'Those 

interviewed felt that 

procurements were two 

contractor without h~ving 

a ted levels of profit. 

program stability 

viable means of 

to rEsort to the 

Program stability 

and multi-year 

motivating the 

use of e"<agger-

w::>uld help to 

permit the contractor 

aging the contractor 

to improve his efficiency by encour­

to invest in equipment and facilities 
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that he might not necessarily do if the program'~ survival 

was in doubt from year to year. Multi-year pr~curement can 

also motivate the contractor and rejuce the economic risk 

and possibility of loss of profit he faces in every new 

system. In multi-year procurements the contractor may take 

advantage of economic opportunities in purchasing materials 

and in establishing production Iuns that promote efficiency, 

reducing the risk to the contractor and the cost to the 

Government. contractors also fa vore:l the use ~ f incentives 

to motivate maintainability improvements because they put 

some of the decisions on which objectives to pursue during 

design ir. the hands of the designers. 

Hhen asked when to use inceLtives, all those interviewed 

wece in agreement that incEntives should be utilized 

throughout the develofment and production of the new system. 

They felt that the plan to use incentives as well as the 

targets of the incentives should be communicatej to industry 

as soon as possible. They felt that if the objectives of 

the program were to develop a system that was highly reli­

able, maintainable, or supportatle and incentives were to be 

used for that ·end, then the indus try needed. to be aware o£ 

it at the beginning of concept exploration. Those inter­

viewed stated that it was not necessary to specify the 

specific parameters of the incentives at this point but only 

that incentives were going to be used and what general areas 

were going to be targeted. As the acquisition process 

progressed and concept exploration concludej, the specific 

incentive targets could be develo~ed according to the objec­

tives established. In this manner, they felt that the 

incentives could be tailored to stress those areas that 

would motivate the contractor the most. For example, at 

program initiation the DoD component requesting the system 

specifies that maintainability is to be an objective of the 

system and funds have been allocated for that purfose. 
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During concept exploration the program manager ensures that 

industry is aware of the incentives available, what role if 

any maintainability will play in the selection process, and 

what areas are being targeted in maintainability. As alter­

native concepts are evaluated and the ones to continue into 

Demonstration and Validation sElected, the parameters for 

maintainability and the potential incentives available can 

be defined. As Demonstration and Validation continues, the 

designers can make tbe nec~ssary trade-offs to design main­

tainability into the system. When the system enters Full 

Scale Development, the maintainability of the system can be 

tested on the hardware developed. As Full Scale Development 

concludes, the maintainablity of the system can be verified 

on the prototypes and pilot production models produc€d. 

Finally, as the system enter~ production and use in the 

fleet, the maintainability of tl1e system can be tracked for 

the first year or two of its life to determine if the paraill­

eters established and tested are valid. 

G. SUMMARY 

This chapter discussed the 

surrounding the use of incentives 

contractors in their design efforts. 

concepts and issues 

to motivate defense 

The chapter include d 

discussions on the structure of incentives, those factors 

that motivate the contractor and contractor personnel, the 

significant characteristics of incentives, and why contrac­

tors do business with the Government. The chapter conclu ded 

~ith a discussion of the timing of incentives and what 

incentive means were favored most by contractors. 
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A. GENERAL 

This chapter presents an example of how incentives were 

utilized to improve maintainability on a major weapon system 

acquired by the Navy. The weapon system presented is the 

F/A- 18 Fighter/At-tack aircraft. The system is unigue 

because it represents a genuine attempt to place reliability 

and maintainability on an egual level with the cost, 

performance, and schedule requirements of the system. Ihe 

approach to maintainability as well as an dnalysis of the 

reasons for its success are contained in the following. 

The F/A-18 program was the first major acquisitior. 

program in the Naval Air Systems Command {NAVAIR) to be 

managed under the disciplines of the "New Look", the purpose 

of which was to ensure that reliability and maintainabiliey 

was by design, not by chance (Ref. 27: p. 2]. The F/A-18 

program used incentives to motivate McDonnell Aircraft 

Company (MCAIR) to improve Ufon the minimufu requirements 

specified in the contract in four areas: reliability; main­

tainability, life cycle cost, and F/A-18 program milestones 

[Ref. 27]. The incentive program for improvej reliability 

and maintainability reflects the new emphasis on the 

supportability of new weapon systems entering the inventory 

and provides an excellent example of how incentives can be 

used to motivate the contractcr to improve the maintain­

ability of a system under design. 

The incentive progr~m for the F/A-18 for maintainability 

focused on three parameters: Mean Flight Hours Between 

Maintenance Actions (MFHBMA), System Direct Maintenance 

Manhours per Flight Hour (DMMH/FH), and organizational level 
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Maintenance Manhours per. Flight Hour (~MH/FH). The total 

potential award to be won was $12 million and was to be 

equally divided among the three parameters so that the 

maximum potential award in any parameter was $4.0 million. 

The proposed plan called for payment of the awards upon the 

demonstration at key decision fOints of meaningful achieve­

ment of measurable maintainability. (Ref. 28] The objective 

of the awards program was to motivate the contractor to 

exceed the specified maintainability requirements in the 

contract by attaching monetary awards to maintainability 

levels achieved in excess of the minimum parameters speci­

fied. Payment of the awards was contingent upon demon­

stcated performance in an cperational environment at 

predetermined times. These demonstrations were conducted at 

the 1200 and 2500 cumulative flight hours test points or. 

full scale development aircraft and the 9003 cumulative 

flight hocrs test point for pilot production aircraft using 

data gathered during the previcus six month perioc. Each 

maintainability parameter was evaluated at two different 

cumulative flight hour demonstration periods. [Ref. 28] 

Organizational level MMH/FH was the first parameter 

evaluated. It was evaluated in two increments with a total 

potential award· of $4.0 million. The first demonstration 

was conducted at the 1200 cumulative flight hour mark and 

had a potential award of $1.5 nillion which the contractor 

could win if the contractor achieved 8. 0 i1MH/FH or less on 

the aircraft. The contractor ~ould earn 50% of that award 

if he achieved 10.0 MMH/FH and nothing if he reached the 

minimum target of 11.0 MMH/FH. The contractoc achieved a 

7.72 MMH/FH and won the full award. The second increment 

for this pa'rameter was conducted at the 2500 cumulative 

flight hour mark and had a potEntial award of $2.5 million. 

The targets for this increment were tougher than those of 

the previous increment. If the contractor achieved only 8.0 
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MMH/FH at this in~rement he wculd not receive any of the 

award, reaching 6.0 MMH/FH would win 50% of the award, and 

attaining 5.0 MMH/FH would win the entire aw~rd. MC~IR 

reached 3.62 MMH/FH and won tte total award for this incre­

ment. MCAIR's total award for this parameter was $4.0 

million and they reduced the MMH/FH from the minimum target 

goal by almost 4 00 %. [Ref. 28] 

The second parameter evaluated was DMMH/F3 and was also 

evaluated in two inciements with the potential award split 

into $1.5 million at the 2500 cumulative flight hour mark 

and $2.5 million at the 9000 cumulative flight hour mark. 

In the first increment the minimum target goal was 20.5 

DMMH/FH and earned no award, 5G% of the award was earned if 

the 17.5 DMMH/FH was achieved, and 100% of the award was 

earned if the demon~trated DMMH/FH was 16.0 or bett~r. 

MCAIR attained a 6.32 DMMH/FH and earned the full $1.5 

million. The second increment was demonstrated on four 

pilot production aircraft at the 9000 cumulative flight hour 

mark. ~he targets were more restrictive than the first 

increment with the minimum acceptable value to earn any 

award being 14.4 DMl1H/FH and 12.0 DMMH/FH earning 100% of 

the potential award. MCAIR achieved a value of 6.48 DMMH/FH 

and won the full $2. 5 million for this incrernen t. For the 

parameter DMMH/FH, MCAIR exceeded the target goal by almost 

300% and earned ~4.0 rrillion in in~entives. [Ref. 28] 

The final parameter evaluated was MFHBMA and it too was 

evaluated in two increments. The first at 2500 flight hours 

with an award of $1. 5 million and the second at 9000 flight 

hours with a potential award of $2.5 million. The minimum 

ftCCeptable value for this parameter in the first increment 

was 0.5 MFHBMA and earned no award, reaching 0.8 MFHBMA 

earned 50% of the awaid, and reaching 1.5 MFHB~A earned the 

total award. MCAIE reached a value of 1.14 !'!FHB!1A and 

earned $1.14 million for the first increment. The second 
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increment contained mere restrictive goals and was evaluated 

at the 9000 flight hour mark. The minimum t1rget was .75 

MFHBMA and earned no award with the maximum award being 

given for reaching a goal of 1. 6 MFHBI1A. MCAIR reache.J. the 

val~e of 1.31 MFHBMA and received $2.12 million in awards. 

MCAIR exceeded the targets by almost 200% and earned a total 

of $3.26 million for this parameter and $11.26 million of 

the $12 million offered for maintainability improvement. 

[Ref. 28] 

The demonstrations were perf armed by operational 

personnel at operational sites. The evaluation plan calle d 

for a board of MCAIE and Navy personnel to accumulat~ the 

data, evaluate the maintenance performed, determine if 

adjustments were warranted to any measured maintenance 

activties as defined by criteria agreed upon by both 

parties, and finally they determined if award of the incen­

tive should be given and what fercentage of the total award 

would be given for values between targets. Table 1 contains 

a summary of the· target goals, potential a wards, attained 

goals, and earned awards by MCAIR in the F/A-18 program 

(Ref. 28]. 

Some of the lessons learned from the experience in the 

F/A-18 program are contained in the following and are 

described by acquisition phase. In Concept Exploration the 

following strong points were identified: (1) High level 

management (Navy and I1CAIR) attention and support of main­

tainability objectives was essential to getting the results 

obtained. This attention was the result of briefings to the 

contractor by high level Navy personnel which included the 

Assistant Commander for Systems and Reliability, the Deputy 

Chief of Naval Material for Reliability, Maintainability, 

and Quality Assurance and the Program Manager £or the 

system. "Tbis high level attention was a major factor ill 

keeping the contractor efforts focused on providin~ eg ual 
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TABLE 1 

F/A-18 Maintainability Goals 

~Q.~! 

MMH/FH 
1200CH 11.0 

10.0 
8.0 

2500CH 8.0 
6.0 
5.0 

DMMH~FH 
2 OOCH 20.5 

17. 5 
16. 0 

9000CH 17.5 
14. 4 
12.0 

MFH3MA 
2500CH .5 

• 8 
1. 5 

9 00 OCH • 75 
1. 00 
1.60 

Source: (Ref. 2 8] 

7.72 

3.62 

6. 32 

6.48 

1. 1 4 

1. 31 

0 
50% 

100% 

0 
50% 

100% 

0 · 
50% 

100% 

0 
50% 

100% 

0 
50% 

100% 

0 
SO% 

100% 

$1.5£1 

S2.5M 

$1.5£1 

$2. 5!'1 

$1.1411 

$2.12M 

attention anp emphasis with cost and performan~e to achieve 

the desired levels of R&rl." (Ref. 27] {2) The award fee 

provisions helped to ensure contractor emphasis on R&M 

disciplines. The establishment of the firm award fee 

dollars provided a clear understanding of what was expected 

in the area of maintainability. 

This provision for award fee for achieved maintain­
ability is considered a prime factor in the motivation 
and deuication shown by the contractor to correct main­
tainability problems as they were identified during the 
development phase. (Ref. 27] 

Pl Also during this phase visits by key contractor manage­

ment personnel and design supervisors to operational sites 

provided a good insight into fleet concerns and the problems 

that exist on current aircraft weapon systems. This 
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provided an understanding of the need for changes in 

existing design concepts to eliminate or reduce the impact 

to the fleet of the new system and to reduce the cost of 

ownership to the user and increase the operational readiness 

of the new system. [Ref. 27] 

During Full Scale Develop~ent the following positive 

acticns occurred: (1) Periodic appraisals of contractor 

performance in the area of maintainability were an effective 

means of continuously reinforcing the contractors motivation 

toward maintainability issues. The appraisals 'Nere 

conducted on a quarterly basis and awards were made for 

performance in life cycle ccst milestones and program 

management milestones. [Ref. 27] (2) Extensive use of 

Design Reviews and Technical Coordination Meetings assured 

adequate consideration was given to maintainability require­

ments duriny design and testing. During these meetings the 

maintainability implications of every decision was discussed 

and stressed the use of trade studies to balance cost, 

weight, and performance with maintainability parameters. 

These meetings were attended ty R&M design engineers and 

fleet maintenance personnel to frovide an effective means of 

identifying appropriate maintainability trade-offs. 

(Ref. 27] (3) A memorandum of agreement between the Navy 

and MCAIR was negotiated before Full Scale DevelcFment 

flight testing which established a Reliability and 

Maintainability Review Board. The board consisted of Navy 

and MCAIR personnel which assessed, verified, ~nd correcte d 

all R&M data as necessary befcre submission into the Navy 

and MCAIR data systems. ~he me~orandum described the groun d 

rules for documenting failures, maintenance actions, and 

manhours during the flight test program and helped alleviate 

any potential arguments. The Beard also provided R&M design 

engineers with excellent feedba~k on any problems that 

developed. [Ref. 31] (4) They integrated the reliability 
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and maintainability activities of the contract~r to ensure 

that the maintainability design baseline and the logistic 

support analysis used the allocations develofed by the 

contractor rather than indepenaently derived values. In 

this rna nner, significant differences in the basic values 

used to determine ~Fares provisioning and manning levels 

were avoided. For the F/A-18, the contractor used the engi­

neering activity allocations a~ the source of data for the 

logistics planning community. (Ref. 27] (6) Contractor 

corporate management personnEl attended Preproduction 

Reliability Design reviews. Attendance kept them informed 

on the impact of R&M and on concerns of the Navy. It was 

also useful in convincing management to ensure adeguate 

funds and manpower were allocated to the program and were 

not deleted when other performance problems began to apfear. 

[Ref. 27] 

Normally during the production phase of a program engi-

neering effort starts to disappear. 

the case in the F/A-18 program. 

However, this ·was not 

For the first time on a 

major system, the contractor's R&~ engineers we~e allowed to 

follow and track the aircraft into the fleet. (Be£. 27] 

This monitoring allowed verification of the effectiveness of 

the numerous R&M corrective actions identified during Full 

Scale Development which, due to lead tiwe requirements had 

not been incorporated and evaluated in the aircraft during 

the Full Scale Development phase. It also provided on-site 

evaluation and engineering investigation of any new reli­

ability or maintainability problems not seen ducing the ~ull 

Scale Development flight testing. This allowed for the 

rapid resolution of R&M problems that almost always appear 

after the formal testing is comflete. (Ref. 27] The F/A-18 

program incorporated many of the positive criteria for 

incentives discussed in the previous chapter. 
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B. ANALYSIS OF THE PBOGRAM 

An analysis of the F/A-18 prog ram with r e s pect t o i t s 

use of incentives for maintainatility reguires consideration 

of the following: (1) conceptually, should tbe incentives 

motivate the contractor, keeping in mind the significant 

characteristics of incentives and the factors that motivate 

a contractor as described in Chapter IV, (2} were the goals 

realistic enough to challenge the contractor or were they 

merely specifi~ations that were established at too lew a 

level, (3) were the targeted parameters p roper or were they 

too general, and (4) were the award payments for successful 

achievement or did they amount to funds unnecessarily spe nt. 

Conceptually, the incentives for maintainability in the 

F/A-18 program were effective for several reasons. First, 

the Navy made a commitment at the outset of the program t hat 

maintainability was going to te a major o b jective of the 

program and required that minimum maintainability specifica­

tions be written into the contract. Second, t1CA IR personnel 

were provided the opportunity to talk to the customers to 

ensure that MCAIR design engineers understoo d the opera­

tional environment and the conditions under which mainte­

nance would occur. This fostered an attitude of teamwork 

between the Government and the contractor. Third, the Navy 

allocated $12 million for incentive awards for maintain­

ability which helped to convince M~AIR top mana g ement tha t a 

real commitment to maintainability had been made. Fourth, 

the awards were designed to be paid as the results of th e 

maintainability demonstrations were established provid ing 

timely reward for contractor efforts. Fifth, the incentives 

were structured as award fees ~hich were clearly identifi­

able to contractor personnel. Sixth, corporate management 

used the award program in the contract as a means of moti­

vating their employees. MCAIR developed award programs of 
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their own which provided monEtacy awards ior beneficial 

suggestions submitted by employees. It also included gifts 

to employees consisting of models of the aircraft, coasters, 

and other memorabilia all desigLed to help maintain employee 

enthusiasm for the project. Finally, the incentives wer e 

tacgeted to specific farameters such as MMH/FH, DMMH/FH, and 

~FHBMA and the minimum acceptatle levels for these parame ­

ters, the conditions of testing, definitions of test objec­

tives, and other parameters were mutually agreed upon and 

included in the negotiated contract. The incentives were 

effective because the contractor was motivated. This moti­

vation stemmed from the following: he was treated as a team 

member, he was involved early in the program decision 

process, his design engineers as well as corporate manage­

ment were involved in working tcward the awards, the awards 

were a substantial amount of money, the contractor directed 

design efforts toward attaining the maintainability goals, 

and the contractor possessed the technical c1pability to 

meet the maintainability objectives stipulated. (Ref. 31] 

The second area of concern focuses upon whether or not 

t h e incentives did motivate the contractor's performance. 

This issue involves the values for the parameters estab­

lished in the awards payment plan. One Government represen­

tative indicated that the values for the parameters were too 

low and that if presented the Ofportunity to reconstruct the 

incentive program he would make those parametecs much more 

stringent. His opinion was supforted by a contcactor repre­

sentative with experience on thE project who indicated that 

the parameters established were well within the company's 

capability so they treated the parameters as they would any 

other contract specification. Even though the contractor 

directed si gnificant 

indicated there was 

attention to the targeted areas, he 

never any doubt that the company would 

earn a significant portion of the available incentive award. 
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The long range effectiveness of the money spent on these 

incentives is yet to be determined. However, as the data in 

Table 2 show for CY 1983 after an accumulation gf 23,881 

flight hours by the F/A-18, these areas targeted for incen-

tives reflect a distinct improvement in performance over 

other aircraft in the fleet. !he MFnBF for the F /A-18 was 

more than twice that of its nearest competitor, the F-4J;S. 

The organizational level MMH/FH was less than half the valu~ 

of the A-6E and substantially bElow that of the A-7E. The 

real effectiveness of the awards program will not be real­

ized until later wnen improved aircraft availability and 

operational readiness of the F/A-18 can be demonstrated. 

[Ref. 32] The conclusion that can be reached is that even 

though the objectives may have teen too low to challenge the 

design capabilities, the potential award was sufficient to 

keep the contractor interested in maintainability and helped 

to provide an aircraft with reliability and maintainability 

superior to anything in the current Navy inventory. 

TABLE 2 

R&M Parameters of Fleet Aircraft (CY 19 83) 

Aircraft FH MFHBF MMH/FH ~!i~~~B:: -x="b"E-- 71-b'10 u:-59 -zJ:-7u 
A-7E 107:200 0.66 17.38 6. 1 
F-4J/S 46,904 0.72 24. 32 7.8 
F-14A 94,258 0. 61 24.89 7.5 
F/A-18 23,881 1. 6 9 10.47 3.6 

*- scheduled rna intenance 

Source: [Ref. 32] 

The F/A-18 program targeted three parameters for incen~ 

tives: MMH/FH, DMMH/FH, and MFHBMA. These parameters are 

very broad categories and as such required extensive defini­

tions of what constituted a maintenance action, a failure, 

what time was considered productive and nonpcoductive for 
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purposes of maintenance labor ccmputations as well as others 

too numerous to mention here. Appendix C contains the defi­

nitions for accountable and nonaccountable lab0r as consid­

ered in the computation of tte maintainability parameters. 

[Ref. 29] These definitions were necessary because of the 

broad scope of the criteria selected for measurement and 

incentive targeting and were needed to ensure that the 

values of the parameters were properly computed. The br~d 

scope of the parameters chosen and the numerous assumptions 

and definitions required as a result made the award process 

more subjective than was necessary. 

The F/A-18 program contained minimum specifications for 

other parameters as ~ell. Among these was a required fault 

isolation time which specified that 95% of the faults must 

be isolated within a time perioj of five minutes; the 

remaining 5% of the faults must be identifiej within ten 

minutes. However, no incentives were attached to this 

parameter. This was a valid candidate for ~n incentive 

because it would have an effect on all the general parame­

ters stated in the incentive plan and would have influenced 

the designers to focus more attention on the design of the 

Built-In-Test-Eguipment {BITE) • The BITE capabilities were 

also outlined in the contract and did not have any incen­

tives assigned to it. As a result of the lack of incen­

tives, these items did not receive . the same level of 

attention as that received by the other parameters. 

Conseguently, BITE was one of the weakest areas of the whole 

system (Ref. 30]. The rationale for targeting the general 

parameters was the belief that they would drive the design 

of the specific values for fault isolation, fault -location, 

and other related mea~ures [Ref. 30]. The result, however, 

was that by designing to lower the values of the broad 

areas, the influence of a particular element that composed 

that value could be minimized. 
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From the intervie~s for this study, it w~s determined 

that a better approach would be based on a different 

sequence of parameters. The first parameter would be delay 

time and the incentive would be targeted specifically toward 

shortening the length of time required to dete~t the fault. 

The second parameter to be targeted would be fault location 

and the incentives would be targeted specifi~ally toward 

shortening the time it takes to localize the fault, gain 

access to the failed component, and isolate the failed part. 

The third parameter would be the time necessary to adjust 

and recalibrate the system after maintenance is complettd. 

As was stated in the chapter on maintainability, these three 

elements are directly hardware related and by specifying 

challenging targets in these parameters and attaching 

significant incentive awards to them, the design engineers 

would be motivated to design the hardware with these consid­

erations in mind. To significantly shorten these times, the 

designers would be faced with solving the engineering 

problem with either the addition of more BITE, simpler hard-

ware, or a combination of the t~o. If successful in short-

ening these times, the maintenance cycle and the cumulative 

values of maintainability such as MTTR and MMH/FH would be 

reduced. These parameters would be identified during 

Concept Exploration and definitized during Demonstration and 

Validation. The demonstrations and testing for award 

purposes would occur during the Full Scale Development phase 

of the acquisition. 

The parameters described above would stimulate the 

designers to design maintainability into the system. To 

ensure that the engineering efforts continue, two other 

parameters could be targeted for incentives: (1) establish 

incentive awards for MTTR objectives and (2) establish an 

award schedule for operational availability. The purpose of 

these incentives would be to maintain contractor interest in 
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maintainability during the Full Scale Development and early 

Production and Defloyment phases of t he acquisition. 

Although these elements are not strictly hardware related, 

significant incentives in this area may motivate the 

contractor to develof more efficient and infocmative tech ­

nical publications and maintenance procedures for the 

system. 

It is important that whatever parameters are selected, 

they be objectively attainable and demonstrable during the 

testing and award process. The paraiLeters should be 

constructed so that the contractor does not ignore one 

aspect of the system to achieve an award in ~nother area. 

During the F/A-18 program one of the weakest areas of the 

system was its BITE. The contractor pursued the R&M incen­

tives at the expense of BITE which did not have any incen-

tives targeted to it. 

during the testing of 

As a result, 

the sys tern 

the F/A-18 was inundated 

with false alarms ~hich 

caused confidence problems among Navy and MCAIR maintenance 

personnel (Ref. 32]. The sole use of the cumulative main­

tainability parameters was partially responsible for this 

because some of the maintenance actions and their associated 

times caused 

calculation 

by BITE failures could be assumed out of the 

of the targeted rarameters. Targeting the 

incentives to specific values such as delay time, fault 

location time, or failure isolation time would help e limi­

nate much of the subjectivity involved. 

C. SUl!~ARY 

In this chapter an example of a successful application 

of incentives for imfroved maintainability was presented . 

The awards payment plan and the incentive parameters used in 

the F/A-18 program were identified and an analysis of the 

reasons for the success of the program as well as possible 

areas for impcovement were identified. 
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VI. ~~~LY~I~ QK !~~ PROBb~~~ !]Q I~~QES Ili I~~~NTIYES FOB 

~!!B!!IN!EI1!!1 

A. GENERAL 

This study has discussed the components of maintain­

ability, its role in the acquisition process, its impact on 

the life cycle costs of a weapon system, and its role in the 

design of a weapon system. In addition, the issues and 

concepts involved in the use of incentives to motivate 

contractor performance were alsc discassed. Further, the 

study provided an example of a major weapon system ac g uired 

by the Navy in which incentive~ were used to motivate the 

contractor to direct his attention to the maintainability 

characteristics of the system as well as ot her prog ram 

objectives of the Government. The case demonstrated a 

successful applicaticn o£ incentives to improve the main­

tainability of a new system. Howev~r, the fundamental ques­

tion still remains as to whether it is appropriate to use 

incentives for the purpose of improving maintainability. If 

it is assumed that it is appropriate, then a number of ques­

tions as to how it would be accomplished immediately arise. 

This chapter will address questions concerning the appropri­

ateness of incentives for maintainability improvement, the 

structure of the incentive plan, and other maintainability 

issues that should be considered. 

B. APPROPRIATENESS OF INCENTIVES 

The question of afpropriateness of using incentives for 

maintainability improvement was initially answered by those 

interviewed from a parochial view. They were viewing the 

issue from their own company product or Government position. 
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From that limited perspective, those interviewed were split 

as to tbe appropriateness of using incentives to improve 

maintainability. One Government official related that 

incentives were not necessary tc motivate the ~ontractor to 

design maintainability into a new system; that if the 

Government could determine the level of maintainability it 

desired in the system then that level should be specified in 

the contract and the contracto~'s failure to achieve that 

level would be tantamount to nonperformance. ~e stated that 

it was not desirable to use incentives because of the asso­

ciated administrative burdens that accompany them and a much 

simpler method of accomplishing the same objective was 

available. He also stated that he was not convinced that 

the money needed for the incentive awards would really buy 

any more maintainability. Similarly, an engineer for a 

missile producing ccntractor ccncluded that it clearly was 

not appropriate to use incentives for maintainability 

improvement in missiles. The emphasis, he said, was on 

reliability since L~e nature of the weapon manoates 

successful performance on demano. His rationale was if the 

missile worked, it was destroyeo. If it did not, the prob­

ability was also high that it would be destroyed either 

through enemy action or through the user's action to protect 

himself during landing or disarmament operations. However, 

these views were in direct contrast to those expressed by 

other contractors; especially those involved in the design 

of integrated systems. One program manager enthusiastically 

supported the use of incentives for maintainability improve­

ment in systems on which he wcrked. He stated that the 

technology existed to improve the maintainability of the 

system he supervised but the Gcvernment was satisfied with 

the existing maintainability level and was not willing to 

fund any improvement. As a result, he said, there was no 

motivation for him to put more design effort into the 
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product. Another contractor interviewed stated that incen-

tives were more appropriate fer weapon systems with new 

technology than it was for the mature technology in older 

systems. He stated that it would be more appropriate to use 

incentives in the Midgetrnan program because of the flexi­

bility available in the design cf that program that was not 

now available in the older Minuteman system. 

~hen asked to respond to the issue on a more generic 

level, the contractors interviewed responded more favorably 

toward the idea whereas the Government representatives were 

more reluctant to endorse such a plan, presumably because of 

the extra burdens it placed on the administration of the 

contract. Government representatives interviewed felt that 

incentives were inappropriate because their effectiveness 

could not be predetermined, they added complexity to the 

contract, the contracts were more costly to administer in 

terms of manpower, money, and time, and in general possessed 

the necessary framework for many more disputes related to 

the incentive provisions. The contractors generally felt 

they were appropriate because their use shifted the 

decision-making process for design trade-offs to the 

contractor who they felt was more capable of making the 

trade-off decisions. They said incentives helped to commu-

nicate the objectives of the Government in a particular 

program, it provided the contractor the opportunity to earn 

more profit as a result of his innovation or efficiency, an d 

it allowed the contractor the opportunity to more effec­

tively manage the risk involved in the system's development. 

This study found that the appropriateness of using 

incentives for maintainability is dependent upon several 

factors. First, is the mission of the system being 

acquired. It would be inapprofriate to use incentives on a 

system that is designed to be used once and is either 

destroyed or discarded afterward, as in most missile 
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systems. It is also inappropriate to use incentives in a 

system in which the maintenance concept stipulates that only 

intermediate or depot level maintenance will be performed. 

The biggest gains in terms of equipment readiness will be 

made by efficient mair.tenance at the organizational level. 

Consequently, the maintainability of a system should be 

dictated by organizational level maintenance needs. 

The second factor that determines the appropriateness of 

incentive use is the state of technology of the system. If 

the technology of the system is mature, there may not be any 

innovative way to design a system to be more maintainable 

and the potential increases in maintainability will be 

offset by the design effort to att~in it. On ~ system that 

is pushing the state-of-the-art, potential gains in main­

tainability are enormous. The existence of trade-offs in 

design and materials, the availability of alternate technol­

ogies to solve the engineering froblem, and the willingness 

of those involved in the design to be innovative are all 

factors that assist engineers in improving maintainability. 

Another factor which helps to determine the appropriate­

ness of incentives is the maturity of the design. Tbis 

factor is closely related to technology in that in a mature 

design, most improvements that could be made have been made 

through configuration changes or product improvement and the 

potential gains again would not offset the eff~rt to attain 

them. The Minuteman system is a good example. It is a 

mature weapon system that has teen in use for a long time. 

Clearly, it would not be appropriate at this stage in the 

system's life to try to motivate the producers of the 

missile to desi g n more maintainability into the system even 

though periodic changes in the components of the system do 

occur. On the other hand, the STEALTH program with a design 

and technology still in its infancy possesses enormous 

potential gains in maintainability and with a little motiva­

tion, the contractors involved may well ?Ursue them. 
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Finally, one must consider the objectives of the 

program. If lowering the suppcrt costs of the system is an 

objective, then maintainability incentives may be app ro­

priate. If keeping the acquisition costs of the program to 

a minimum is the objective, then incentives may not be 

appropriate because they tend tc require more funding at the 

start· of the life cycle of the system than may be tolerable. 

Contractually, incentives will require more administrative 

effort and supervision than contracts without them and if 

simplicity is an objective, then incentives may not be 

appropriate. However, if the objectives are to stimulate 

contractor performance, lower the life cycle costs of the 

system, and produce the most maintainable system affordab le, 

then incentives may very well be appropriate. 

Several factors have been mentioned regardin g the a pp ro­

priateness of using incentives for maintaina bility an d from 

the responses of those interviewed and the literature, it 

could be concluded that the decision to use incentives must 

be made on a system-by-system basis. The de~ision is not 

one that can be put off until late in a program. It must be 

made at the outset considering those factors mentioned above 

as well as any additional relevant issues peculiar to the 

program or situation involved. If the decision is made that 

incentives are not going to be used, then an alternate means 

of satisfying the program's maintainability objectives must 

be found. However, if the frogram mana ger or decision 

authority decides it is appropriate to use incentives f or 

maintainability improvement, then a number of problems arise 

that must be addressed before any contracts ~re awarded. 

These problems will be addressed in the next section. 
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. C. S~RUCTURE OF THE ~NCENTIVE PLAN 

The structure of the incer.tive plan is another area that 

must be addressed. Sfecificall1, it concerns the timing and 

method in which payment will be made after successful demon­

stration of the parameter. Earlier in the study the share 

ratio structure for incentive contracts was discussed. 

Interviewees stated it would be extremely difficult to use 

this structure for maintainability incentives. The reason 

for the difficulty is the inability to establish the magni­

tude of the award until a significant period of ti~e in the 

operating life of the system has passed. The share ratio 

would have to be applied to the estimated savings in life 

cycle costs that would result by achieving a level of main­

tainability better than that originally specified in the 

contract. It would also be difficult to esu~te a dollar 

value to a specific maintainability parameter's value. It 

would be hard for a contractor to be very enthusiastic about 

such an arrangement because it would be diffi~ult for the 

contractor to determine the val~e of the incentive. 

Additionally, the contractor would not be paid the incentive 

for a considerable period of time after the design effort 

was completed and the amount cf savings that would ' result 

would be dependent upon factors other than those the 

contractor could control, such as personnel training or 

supply support. The contractor would also have to establish 

a means of collecting the data from the field. Finally, the 

complexity of such an arrangement would make it almost 

useless as a tool for corporate management to motivate their 

employees. There is, however, an acceptable alternative. 

Under the award fee incentive structure, a specific 

amount of money is established ~s an award ~nd specific 

objectives for the contractor are formulated. The contrac­

tor's performance is reviewed periodically and a 
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determination of whether or not the award has been earned is 

made. If the objective has been met, the award is paid. 

For maintainability incentives the award fee w~uld be more 

efficient because it can be more objective, it can be peri­

odically reviewed, it is paid in a more timely manner, the 

potential award is clearly established, contractor manage­

ment and employees could readily establish the relations hip 

between the effort required to accomplish the incentive and 

the expected payoff that resulted, and it would be a much 

simpler instrument to draft and administer in the long run. 

The F/A-18 program used the award fee structure for its 

r~liability and maintainability 

successfully. 

incentive program very 

D. O~HER MAINTAINABiliTY INCEN!IVE ISSUES 

In Chapter IV, the significant characteristics of an 

incentive were described. The~e characteristi~s were: ( 1 ) 

a positive approach (ie., reward accomplishment rather than 

penalize nonperf orma nee) , ( 2) recognition of achievement, 

{3) the challenge of the inc en ti ve, {4) timeliness of award 

of the incentive, and {5) the incentive must motivatE the 

contractor. In addition to those characteristics of an 

incentive, the chapter also described four issues to 

consider when constructing incentives to motivate a 

contractor. These are: (1) attempt to construct an incen-

tive that can be used by management to motivate the 

employees of the company as well as its management, (2) 

attempt to ascertain the contractor's needs by determining 

the stage of maturation of thE company, {3) realizE the 

appeal to the profit motive is a good motivator throughout 

the maturation process and is the easiest to use, and (4) 

understand that other risk-reducing incentives are avail-

able. Two examples of additional incentives that might be 
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used are multi-year procurement and capital investment 

incentives. These must generally be done before the work is 

initiated and the incentive demcnstrated and will be hard to 

sell to the decision authority because of regulatory 

requirements and the fact that successful accomplishment of 

the incentive cannot be guarantEed. 

However, once the decision has been made to motivate the 

contractor to improve maintainability through the use of 

incentives, several issues arise that must be addressed. 

The first of these is a determination of what measures or 

elements of maintainability will be targeted for incentives. 

To be effective, the target must be defineable, measurable, 

demonstrable, and testable. Contractors interviewed 

expressed concern about the Government's ability to 

adeguately determine these measures. Too often, they said, 

they received vague and incomflete specifications or work 

statements that made it very clear the Government did not 

know exactly what it wanted. Incentive targets must be 

explicit. For maintainability, the components chosen as 

targets must be hardware related and under the design 

control of the contractor. In addition, the target must be 

constructed as objectively as fOSsible. If a for~ula is 

used to compute the value of the element, then all assump­

tions regarding the derivation cf the formula, the defini­

tions of terms used in the formula, and any circumstances 

that would result in adjustments to the value of those terms 

must be stipulated as part of the contractual instrument. 

The interviews revealed that part of the problem of what 

to target is the source of the information concerning the 

targets. Government program personnel can o£fer suggestions 

based upon their view of the problem as can perspective 

contractors, but these sources will naturally bias their 

information in favor of 

abilities. The best 

their own 

sources of 
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maintainability requirements for a new system are t h e oper­

ating and maintenance personnel who will operate and main­

tain it. In the F/A-18 prcgram, contractor person nel 

visited fleet units and talked to operating and maintenance 

personnel during concept exploration. This permitted them 

to become familiar with the operating and maintenance envi­

ronment of the system before getting too heavily into the 

design of the aircraft. As a result the designers possessed 

a better understanding of the nature of the problem face d b y 

the using units. The operating and maintenance personnel's 

viewpoint will also be biased. However, it will be biased 

in the direction of the realities of the environment in 

which the system must be used and not by design or en gi­

neering theory or the political issues that surround the 

program. 

The target of the incentive should be a sp e cific param­

eter and not some general measure of main taina b ility. For 

example, MTTR, MTBM, or MMH/OH are too general to be used by 

themselves and, as discussed earlier in the study, in the 

case of MTTR, many of the elements that comprise it are not 

controllable by hardware designers. If general measures are 

targeted then they should be used during the later portion 

of the program. For instance, to motivate the contractor 

during full scale development and production and deployment 

of the system, measures like M~TR and Ao may be more appro­

priate. Using incentives in these areas will help to stimu­

late the contractor's interest in shortening LDT, MDT, and 

ADT by ensuring that adequate supply support, trainin g 

procedures, technical publications, and facilities are 

considered by program personnel. To motivate the contractor 

early in the program, the design related components of main­

tainability such as delay time, fault location time and its 

components, and adjustment and calibration time should be 

targeted. These components are very objective, measurable, 
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and subject to design trade-offs. In considering what to 

target for maintainability incertives, targets that motivate 

the contractor over the duration of the acguisition process 

are more appropriate. During design and development of the 

system targets should be considered that are hardware 

specific and as objective as fOssible. During the later 

phases more general measures such as Ao and MTTR to help 

stimulate the contractor's interest in the other elements of 

maintainability should be used. 

Several interviewees indicated that after ueciding what 

parameters will be targeted for incentives, several issues 

remain unanswered. These concern primarily the demonstra­

tion and testing of the parameters chosen for incentive 

award. They include the method of testiny of the haruware 

produced, the personnel conducting the test, the evaluation 

criteria for determining the success or failure of the 

contractor's effort, and who will make the determination 

that the contractor has earned the incentive. Answering 

these guestions affords the Government the opportunity to 

motivate the contractors by involving them in the construc­

tion of the evaluation process. One method of accomplishing 

that task is to form a board of program and contractor 

personnel to collect and analyze the data from the testing 

of the system and prepare recommendations to be submitted to 

program management for determination of the success of the 

contractor's effort. Testing for incentive award purposes 

should be done by operating and maintenance personnel who 

will receive the system. The test should be conducted under 

the supervision of an independent testing facility. The 

testing personnel would also submit findings to the program 

manager regarding the success c£ the contractor's efforts. 

Testing sho~ld be done on full scale development and produc­

tion models of the system. To win the incentive the 

contractor must demonstrate achievement o£ the targeted 
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parameters on full scale development and production models 

of the system. It was pointed cut by some interviewees that 

by involving the contractor in the evaluation ?rocess, many 

of his concerns about the fairness of the evaluation 

criteria or testing methodology will be alleviated. 

E. SUMMARY 

This chapter analyzed the issues surrounding the appro­

priateness of using incentives for maintainability improve­

ment. It also provided an analysis of the problems and 

issues involved in the construction of incentives for that 

purpose. The· next chapter provides the conclusions, recom­

mendations, and answers to the research questions formed in 

the study. 
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A. CONCLUSIONS 

Based upon the findings by the researcher the conclu-

sions 

1 • 

for the study are contained in the following: 

Inceni!yes £re ££E£Q.Ef:ia:t,g !Q£ ):!§g in ~oV§f:nmen1 

gon!ggt_§ £§ £ m.gj;gQg Qf !!!Qi!!~i!!lg g2_!ll£aCiQrs to 

i~royg !!!£intain~gi1it~ !n 

g~§igg. Maintainability is 

sufficient objectivity tc be 

incentives. Chapter III, 

~g~EQ!l ~Y§i~ms ynde£ 

composed of elements of 

appropriate targets for 

Section B described the 

components and identified the particular elements 

best suited for incentivES. Chapter IV, Sections C 

and D discussed the issues involved in the structure 

of incentives as well as the significant characteris­

tics which should be considered when attempting to 

use them to motivate a contractor to improve main­

V contains an example of the tainabi li ty. Chapter 

successful application of maintainability incentives 

in the F/A-18 program ana discusses the factors that 

led to its success. Maintainability is described by 

many different measures and an effective incentive 

might be applied to any one of them. The F/A-18 

program demonstrates that incentives targeted to 

maintainability can have a significant impact on the 

priority and level of attention given to it during 

design and·development of the system. The incentives 

also help the Government to establish their maintain­

ability objectives for the system and communicate 

these objectives to the contractor. The ultimate 

result of the incentives in the F/A-18 program was a 
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superbly maintainable aircraft that will provide 

better availability, lower operating and maintenance 

costs, and improved eguifment readiness to the fleet. 

There is every reason tc believe that this success 

can be duplicated in new weapon systems being 

acguired if incentives for maintainability are used. 

2. The ££Q£~§§ 2! £11~~£1~ng to ~Q!~Y£1~ 1~~ ~on1£acto£ 

12 imB£~Y~ ~£~ntaig£Qil~1Y ~Y ~~an§ ~£ ~a£gati~es 1§ 

got wi~g~y ~§§Q to££Y· The contractors interviewed 

indicated that maintainability specifications were 

present in most of the ccntracts they had, but incen­

tives were not attached to them. They indicated the 

emphasis was still on the reliability of the system. 

As discussed in Chapter IV, Section D the reliance on 

merely a specified level of maintainability will not 

motivate the contractor to do more than comply with 

the specification. If contracting officers wish to 

induce the contractor to improve significantly above 

that level, maintainatility must be given more 

priority and attention by Government acsuisition 

managers. The F/A-18 represents the first system in 

NAVAIR to use an incentive program that included 

maintainability incentives as part of the contract 

and its success helped to demonstrate that maintain­

ability was an appropriate target for incentives. 

Based upon the success enjoyed by the F/A-18 program 

and with continued interest in improved maintain­

ability by program management, as prompted by users, 

incentives used for maintainability improvement will 

become more prevalent. 

3. ~~int£1aab~1~1Y ~§ E1~ying a g£§~1~£ £Qle i~ the 

~£g~isii~on Qf ~gyi£~en~. The reliability and main­

tainability program for the F/A-18 program is an 

excellent example of the increasing role 
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maintainability as well as the other elements of ILS 

are playing in acquisitions today. Chapter II, 

Section A and Chapter VI, Section A jescribed the 

increasing role of maintainability in the acquisition 

of weapon systems today. The theme of the "New Look 11 

program at NAVAIR is that reliability and maintain­

ability should be by design, not by chance. 

4. flaintain~12i1i.TI h~§ £! defi~i:t.g i~E~£t on i.h.§ 1ifg 

cyclg £Q~i Qf !he ~Y~1g~ S!n£ ~~~1 Q~ £Q~§i£g£gg fro~ 

££Qg£~~ iniiiatiQ~· Maintainability is not a feature 

that can be added to a system just prior to produc­

tion. Maintainability is a design feature subject to 

trade-offs against other design features such as 

reliability, cost, 'loleight, and performance. 

Decisions to increase the maintainability of a system 

are made at the expense of other traits and must be 

done with the knowledge of the impact of those 

decisions. 

5. Maintabn~.£i1iiY objg£tiyes ~!!§! Q§ .§§ta£J:ished early 

in ihe 12£29.££!~ ~.!!Q _tho§.§ QQj.§£tiyg§ ~~§! be £J:early 

comm:!!nic~igQ. to indu§i£.Y, 1~QQ£~1Q£i.§§, Q.£ :!!niyersi­

ties ~£epa£i~ ihg ~J:te£n~ii.Yg £QQ£g21§ fo£ thg 

~ystg~. As discussed in Chapter III, Section C and 

Chapter IV, Section F, maintainability objectives 

must be established early in the acquisition process 

and considered throughout. If incentives are to be 

used to achieve these objectives, the areas to be 

incentivized and how much money will be committed to 

the effort must be ccmmunicated to the concept 

designers early in their efforts. 

6. !hg £Qlg Qf ~aintain~bi.J:iiY will £em~i~ §g£Ql!Q~£Y iQ 

ihe £gli~.£i1iiY Qf ~ ~~~IQ!l §Y§i~~- This will remain 

the case unless specific attention is directed to 

maintainability because of the pressure on the 
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contractor to have a fail-proof weapon system . 

Chapter III, Section D discussed the trade-offs 

involved in the design of a weapon system and pointe d 

out that a direct trade-off exists between reli­

ability and maintainability. It was established 

during interviews that contractors had more to lose 

designing a system that was unreliable than one that 

was just unmaintainable and would continue to direct 

their efforts toward system reliability at the 

expense of maintainability unless the Government 

directed otherwise. 

7. Qif_terggt £.Qll1f:g£1Q£§ gg !!lQi~Y~1gg_ t..Y. differeni 

in£gntiyg§. A corporation is a growing and maturing 

organization and some incentives that motivate it 

during its early years will not necessacily motivate 

it as the organization matures. To be effective, 

incentives must be tailored to fit the contractor's 

needs as well as the Gcvernment's objectives. In 

Chapter IV, Sections A and E, the significant charac­

teristics of incentives and the factors that motivate 

contractors were discussed. The role of these char­

acteristics was shown in Chapter V, Section c with 

the F/A-18 example and again in Chapter VI, Sections 

B and C in the description of factors to be consid­

ered in using incentives for maintainability. 

8. Qnly ih£~g 2! !:h~ gJ:g_ht £Q!!!£Qngrri§ QI l!!~~nt!!in~&ility 

!!re §Uit.!!£lg 

delay time, 

!Qf: i!l£g~tivg§. Those components are 

fault location time, and adjustment and 

calibration time. The remaining five components are 

predominantly functions of the other elements of 

Integrated Logistics Supr:ort {ILS) and the reduction 

of the times in those components will be reflected by 

the ILS planning for the system. As discussed in 

Chapter III, Section Band Chapter IV, Section C, 
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these components are hardware related and are the 

most suitable for incentives because they ultimately 

drive the values for the cumulative measures such as 

Mean Time To Repair (MTTR), Maintenance 

Manhours/Operating Hour (MMH/OH), and Operational 

Availability (A o) . Further, using incentives 

targeted at those parameters will force the designer 

to consider Built in Test Equipment (BITE) and other 

design factors when desisning the system. 

9. !he ~~~rd fee £Q!!1£££tigg !!!~!hQg of §_1_£_g£1uring 

incgntJ:yes h£§ th~ gre~te§j;, .£Q!gn!ial ~Q£ £Chieving 

maint~in~£i1iiY SIQ~b~- This was demonstrated in 

Chapter V, Section C·in the F/A-18 example and again 

in Chapter VI, Section C in the discussion of the 

issues involved in structuring the incentive. To 

effectively motivate in this context the award £ee 

structure requires a concise definition of the target 

of the incentive, the amount of the award to be 

earned, and the demcnstration requirements for 

earning the award. The use of the award fee allows 

the contractor to make key decisions regarding the 

incentive by providing management with a valuation of 

the award. 

B. RECOMMENDATIONS 

Based upon the findings of the study and the conclusions 

derived from it, the researcher recommends the following: 

1 • !he usg Qf incegj;,J:yes 12 !!!21iY~1~ fQ!li£~CtQ£§ to 

g~§.i91! !!!Qf:g maint£J:nab:!lij;,y in12 new ~g£.EQ!! §ystem_§ 

§ho~ld be §K£ang~g ~~Ql!Q the £Ur£g.ni .J:gvels. 

Incentives ha V€ been sho\lin to be an effective met hod 

of directing contractoi attention to Government 

objectives in system acJuisitions and, if 
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sufficiently rewarding, will induce the contractor to 

devote more effort toward accomplishing those objec­

tives. Maintainability has been shown to be a 

significant driver in the operating and maintenance 

costs of a weapon system. It has demonstrated 

repeatedly its effect en the availability of the 

system and fleet ~eadiness. Therefoce, to help 

reduce the operating and maintenance costs and 

improve the availability and readiness of the equip­

ment to be used in the fleet tomorrow, it is impera­

tive that maintainability be a prime objective in the 

acquisition of systerrs under design today. 

Incentives are an effective means of ensuring that 

maintainability will receive the attention it 

warrants. Expanding the use of incentives for main­

tainability improvemer.t could be encouraged if 

program manag€rs were required to stipulate maintain­

ability objectives and demonstrate maintainability 

growth in the systems they manage. This will require 

a commitment on the part of the Government and 

contractor personnel early in a program and will 

require continued attention to the Reliability and 

Maintainability implications of every decision in the 

program. 

2. An g~£g£~mgn1 on i~g ill~iQi~ill~Q~1~1Y £h!£~£!gristic§ 

Qt fg£i~ill ~g~Qll ~Y§i§~~ ~h2Y1~ £s ~Qugucigg 12 
getg£~iug ~hich familY Qf ~g~2~ll ~Y§i~ill§ ~re gosi 

~E££Q~£~atg fOr ill~iniain~~liiY in£entiyes. Before 

meaningful incentives can be constructed for improved 

maintainabil1ty it is necessa~y to understand the 

peculiar maintainability cha~acteristics for indi­

vidual weapons families and whether maintainability 

is an appropriate incentive target. The experiment 

would involve the identification of the type of 
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weapon (eg., tank, missile, ship, aircraft, 

maintenance concept generally employed 

etc.) , 

for the 

system, the operational mission of the system, and 

the degree of organizaticnal maintenance required for 

the system. The experiment would help establish 

classes of weapons in ~hich maintainability incen­

tives are highly appro pri ate, appropriate, or not 

appropriate as a means cf accomplishing program and 

operational objectives. It would also help to id€n­

tify parameters most suitable for incentives. 

Establishing these classes would also assist in the 

development of a general model for stru~turing main­

tainability incentives. The buying commands should 

be tasked with performing such an experi~ent on all 

weapon systems under their purview and publishing the 

results in a guide appropriate for use by program 

managers. 

3. ~ ggg§££1~~§£ mogg! fQ~ §1~~£1Q£ill~ @£illi£in£Qility 

in£§lliiY§§ §hQQld £g dey§lQEed fQ£ f~ilies Qf li~EQll 

§ystg~~ £ll~ £BPlig~ in thgi£ ££q~i§i1i~n ~n £ ££§§= 
Ql=££§§ Q£§~§· A generalized model would help to 

segregate the differing maintainability obj~ctives 

that often exist between different weapon types and 

will help to identify the role of the maintenance 

concept in the formation of those objectives. For 

example, the maintainability objectives, characteris­

tics, and maintenance concept for a tank are 

different than those of an attack aircraft and both 

will differ from those in a radar system. To struc­

ture the most effective maintainability incentives 

possible, these differences must be clearly identi­

fied and addressed. The buying commands could accom­

plish this by identifying maintainability objectives 

for all their system acquisitions in general terms 
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and then developing for each weapon family (eg. tank, 

aircraft, ship, etc.) those specific maintaiLability 

objectives tbey desired that system to possess. 

After identifying the faiiily's maintainability objec­

tives, they could be utilized to develop specific 

parameters to be available £or use as a guide in 

developing incentive targets. As programs are initi­

ated, the program managers would have a general guide 

to assist them in tailoring maintainability incen­

tives to meet specified Frogram, family, and customer 

maintainability objectives. 

4. Incgnt!_yes ~.hould ]2g !~J:lo£gg t,Q ~!.! i.hg negds Q.f thg 

£On1ra~!Q£ J:nvolygg. Tailoring of incentives to 

contractor needs is important to ensure that an 

incentive designed to ~otivate a contractor in a 

particular part of a program, actually motivates hi m 

in that area. For instance, a contractor with a 

production contract that desperately needs the 

activity in the plant tc remain open during a busi­

ness slump between contracts is no~ going to be moti­

vated by an incentive that encourages him to deliver 

earlier than the date specified in the agreement. Or 

consider an incentive that adds 3% more profit to the 

contract to reward desigL efforts in reducing the 

weight of a system, but costs the contractor 5% to 

pay for the effort. A ccntractor needing more profit 

at this particular time will not be motivated to 

pursue the incentive. However, a contractor that is 

attempting to build his reputation with DoD or his 

industry peers as an inncvator or problem solver may 

take less profit on the instant cor.tract to satisfy 

his need for prestige. The importance of under­

standing the contractor's business needs is to help 

make the incentives chosen more effective in 
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accomplishing Government objectives. Tailoring of 

incentives to contractor needs can be acco~plished by 

requiring more analysis cf the contractor's position 

in the industry prior to the construction of the 

incentive to ensure it has potential to motivate the 

contractor. It will also require flexibility on the 

part of Government contracting representatives to 

take the time to develop a suitable incentive 

arrangement. 

5. !n ~Q£§Qiivg ~oni£~£1§ f££ m~i~t~ig~~ili£Y !h§ ~se of 

awarg fgg§ sho~1g Qg gg£Q~£~ggg i~~ig~g Q! thg 

§hari~~ fo£~1£2· The award fee requires more defi­

nition in terms of target of the incentive and more 

money early in a system's life cycle, but is gener­

ally considered to be a more objective arrangement 

than the sharing formula. Additionally, the award 

fee provides several advantages in an incentive 

arrangement for maintainability that the share ratio 

cannot meet. 

C. ANSWERS TO THE RESEARCH QUESTIONS 

The answers to the primary and subsidiary research ques­

tions are provided in the following: 

~§gQ in Goyg£nment £Qnt£E~!§ iQ i~££Ovg the mai~tain­

£Qi1ity of gqui~gnt ££ggi£gg i~ !he f~1~£§? The 

answer to the primary research question is clearly, 

yes. Incentives have been shown to be an effective 

method of directing contractor attention toward the 

maintainability characteristics of the 8quipment 

under design. The incer.tives used might take a 

variety of forms. They may be positive incentives 

focusing on such things as profit, multi-year 
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procurements, or capital investments. Negative 

incentives might also be used. These would concen­

trate on the contractor's fear of failing to perform 

as required by the contract. Some of the possible 

negative approaches might include maintainability 

warranties or extremely tight maintainability 

specifications. 

2. Ehat i§. g@ini~i!§.QibJ:il:? Maintainability is a char-

acteristic of design and installation in ~ weapon 

system that makes it possible to meet operational 

objectives utilizing a minimum amount of maintenance 

resources. 

3. llQ~ dog§ ~£1ntain££i1i1~ £gl£ig lQ the ~£~y!siii2n Qf 
ggy1£mgui ~2£~1? 
of design and 

Maintainability is a characteristic 

as such must be considered at the 

initiation of the program. Maintainability is also 

subject to trade-offs with other design parameters 

such as reliability, weight, or performance. It must 

be considered when formulating system objectives and 

must be considered in sutseguent design decisions. 

4. Hh£1 m21iY£te§ £ £Qll1££CtQ£ 1Q g_Q QQ§!.!l~§§ wiih thg 
Defense contractors are motivated 

to do business with the Government for a variety of 

reasons. First, the defense business is relatively 

stable in spite of periodic changes . in volume and 

intensity. Second, defense contractors perceive a 

vital need for their product today and in the future. 

Third, defense contractors do business with the 

Government for patriotic reasons and beli~ve they 

make a significant contribution to the defense of 

this country. Finally, defense contractors believe 

that the business is very profitable and provides a 

respectable return on thEir investment. 
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5. Ehat ~£~ iQ~ siggifif~ni fh~£~fi§£istic§ 21 £Qntr~i 
inc~n~iY~§? Successful contract incentives generally 

possess the fcllowing characteristics: First, the 

incentive is designed as a positive motivator of 

contractor performance. It is used to encouragE the 

contractor to extraordinary performance rather than 

penalizing the contractor for substandard perform­

ance. A second characteristic of an incentive is its 

recognition potential, that is, its ability to recog­

nize the accomplishment~ of the contractor and his 

employees. Another characteristic of an incentive is 

the challenge it presents to the contractor involved. 

Challenging and realistic objectives and incentive 

targets are essential tc direct contractor interest 

and innovation in the targeted areas. A fourth char­

acteristic is the timeliness of the award of the 

incentive after demonstrated performance. The award 

should be paid when the target is achieved and not 

hidden in progress payments or in a contract settle­

ment paid some time in the future. Finally, the 

incentive should motivatE the contractor to perform. 

Understanding the motives of the contractors involved 

in the program is also necessary to develop 

successful incentives. 

6. ,Rhai ~Qyld ~h~ obj~f~i.Y~.§ of inf§Ui.J:ve§ f.Q£ ma.J:.ntain­

~~ility £~ ill Depa£im~ni Qi Q~feg§~ cogt£~fi§? The 

objectives of maintainability incentives in DoD 

contracts are: to reduce the life cycle costs of a 

new system, particularly with respect to the oper­

ating and maintenance ccsts of the system; (2) to 

improve the operational availability of newly 

acquired systems; (3) to improve the efficiency and 

effectiveness of the support efforts for the new 

system; {4) to improve the operational readiness of 
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the units in the fleet that receive the new systems; 

(5) to promote a team afproach in the develcpment of 

new systems; and {6) to encourage the :;ontractor to 

achieve a higher level of performa~ce than the 

minimum specifications for the system. 

7. .R.h~i ~£g !h.~ cugen_!: .ill~ th od ~ .!!~ed 12 ££.Q.!J!O te main-

1~i~~Qi1ity in ~ovg£n~g1 £~~_ira£~~? Maintainability 

has not been a favorite target for incentives in 

Government contracts until recently. Most o£ the 

incentives in the areas cf support have been directed 

toward the reliability of the system. The method­

ology in those efforts have varied from the use of 

award fees given 

fied reliability 

guarantee the 

to the contractor for meeting speci­

goals to the use of warranties to 

reliability of a system with the 

contractor being respon~ible for the costs of the 

unreliable systems. The F/A-18 program repre~ents 

the first weafon system acquired by NAVAIR to target 

maintainability goals for incentive award in addition 

t~ the more traditional ones established under award 

fee type contracts. 

8. tl.Qli. £~~ ig£~_gtives Q~ .!!~Ed 1.2 !!lQ.!i.Y~1,g thg £.Q!l!.£acto_£ 
Incentives can be used 

to motivate the contractor to improve maintainability 

in new systems by foc~sing corporate management 

attention to the targets of the incentives, identi­

fying 3overnment's maintainability objectives in the 

system, and to reward the contractor for desi gn effi­

ciency and innovation. 

D. AREAS FOR FURTHEE RESEARCH 

Additional research should te conducted in the following 

areas: (1) to determine if multi-year contracts woald be an 

8 1 



appropriate means and effective method 

maintainability of new weapons, and (2) 

capital investment incentives would be 

of improving the 

to determine if 

an effective or 

appropriate means of motivating the contractor to improve 

the maintainability of a system under design. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

~PPEN~lX A 
LIST OF PERSONNEl INTERVIEWED 

Althaus, Walter F. Program Manager Ground/Surface 
Systems, ESL COif. San Jose, Callfornia, Interview, 
August, 1984 

Annett, Robert I. ILS Manager-MX, Westinghouse 
Electrlc~ Corporation, San Mateo, California, 
Interview, September, 1984 

Belcher, Kenneth A. Senior Engineer, Aerojet Strategic 
Corporation 1 Citrus Heights, California, Interview, 
September, 19 84 . 

Dellinger, Don, ~echanical En~ineer, R&M Branch, U.S. 
Naval Air Systems Command, Washington D.C. Interview, 
August, 19 8 ~ 

Froleich, Gordon, Vice ?resident for Contracts, 
Californla Micro~ave, San Jose, California, Intervie~, 
September, 1984 

GlaserL John, Logistics Manager, Wright Patterson Air 
Force J:Sase, uayton, Ohio, Interview, September, 1984 

Hobbs, J.C. Director, Contracts and Pricin g { Teledyne 
Ryan Electronics, San Diego, California, In er~iew, 
August, 1984 

Kearney, James F. $enior.Systems Engineer, Grumm~n 
Aerospace Corporatlon, Mlneola, &ew York, Intervlew, 
October, 19 84 

Kelly, Tom Contracts Manager, Hughes Groun d Systems 
Divislon, Pomona, Californla, Interview, Au g ust, 1984 

McTeague Mark, Major USMC, Integrated Logistics 
Support Coordinator, LMA Branch, Headquarters u.s. 
Marlne Corps, Washington, D.C. Interv~ew, October, 
1984 

Melnick, Eugene K. Maintainability Engineer, Boein g 
Aerospace Co. Bellevue, Washington, Interview, 
October, 1984 

Peterson( Elmer 1. B-1B ILS Manager, Rockwell 
Internatlonal, Carson, California, Interview, Octo ber, 
1984 

Pliska, T.L. Assist&nt Manager, R&M Division, Hughes 
Ground Systems Division, Pomona, California, 
Interview, August, 1984 

Quail, Stanton E. Logistics Manager( Ford Aerospace 
Communications, Sunnyvale, Californla, Interview, 
October, 19 84 

S~r~i, Al, Manager R&~ Division; Hug~es Ground Systems 
D.lVlSlon, Pomona, Callfornla, Intervlew, August, 1984 
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!Rg~]~IX ~ 

INTERVIEW QUESTIONS 

1. How do you viEw the logistic support issues when 

preparing or responding to a RFP or RFQ? 

2. What role does maintainability play in a system you are 

designing and how are trade-off decisions made during the 

design? 

3. what would motivate you to focus more design effort into 

the improvement of maintainability in systems under design 

today? 

4. What do you consider to be the significant charactEris­

tics of an incentive in an incentive contract or similar 

arrangement? 

5. Are incentives currently being used in any of your 

present defense contracts and.what areas are being targeted 

for the incentive? If not, why? 

6. Is the 

improvement 

systems? 

Government using incentives 

of maintainability in the 

to encourage the 

design of future 

7. What is it that acts as the greatest incentive for your 

company in participating in defense contracts? 

8. Where and what should the incentive be when ~ttempting to 

improve the maintainability or other logistic support 

considerations in the new systerrs being acquired today? 

9. How would you construct an incentive to improve the main­

tainability in a new acquisition today? 
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10. Do you think that improved maintainability can be accom­

plishEd through the use of incentives and if not, is there a 

more appropriate method to be used? 
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for 

!g!:~~~lX ~ 

F/A-18 NON-ACCOONTABLE LABOR DEFINITIONS 

The following are definiticns of non-accountable labor 
the F/A-18 program: (Ref. 29] 

1. The labor to rework an1 part dra~n from supply to 
reestablish its useful llfe or pre-lssue check. 

2. Labor of removing, installing, checkout and testing 
involving the acguisitio~ of parts through cannibali ­
zation. This applies only to the time spent on th e 
cannibalized aircraft. 

3. Maintenance induced damaged where technical data is 
not being followed. 

4. 

5. 

The moii£ication, rework, or adaptation of nonstan­
dard parts to create a u£able spare. 

Maintenance performed as a result of operator error, 
or improper handling of equipment. 

6. Look_phase of inspection£ not defined in Maintenance 
Requlrements Cards. 

7. Maintenance actions for failures induced by equipment 
operation outside design envelope. 

8. Maintenance actions for failures induced during main­
tenance when such action£ could have been avolded if 
proper GSE were on hand. 

The following are considered nonproductive types. of 
effort and were excluded when determining regulred 
parameters: 

1. Delivery of parts to close proximity of the aircraft. 

2 • P arts turn- in time. 

3. 

4. 

5. 

6. 

7. 

8 . 

9 • 

Personal time 

Researching 
personnel. 

{coffee b r ea k s , etc • } . 

manuals for the purpose 

Delay of all types including weather. 

of training 

Time spent proceeding to and from the scene of work. 

Any interruption resulting from flight test type 
eguipment

1 
a~d special investtgations which impeae 

tne norma malntenance process. 

Forms documentation other than entrv of direct, 
accountable maintenance actions/time upon the 
VIDS/MAF, or applicable CLEAR forms. 

Non-active maintenance times to include cure times, 
battery charging times, and wait time ~fter erasing 
Ultrav~olet (UV} PROMS before reprogramm~ng . 

86 



10. Repair time spent as a result of human error in not 
following approved technical manuals/maintena~ce 
procedures as determined on a case-by-c~se basis by 
the MDRB. 

11. Validation or revision of technical data and similar 
tasks not related to reguired maintenance. 

12. Movement of aircraft due to we~ther, dis~ster preven­
tion, and practice exercises involving a1rcraft 
movement. 
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